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COMPUTING MOMENTS FOR CONTINUOUS 
CONCRETE BRIDGES 


A METHOD APPLICABLE TO THREE SYMMETRICAL SPANS SIMPLY SUPPORTED 


Reported by A. L. GOOGINS, Highway Bridge Engineer, G. B. CANAGA, Highway Bridge Engineer, 
and D. P. BABCOCK, Highway Bridge Engineer 


of section that varies closely with the bending mo- 

ment requirements froma minimum at the center of 
spans toa maximum at the intermediate supports. Reduc- 
tion in deck depth, particularly at midspan, gives the 
continuous bridge an important economic advantage 
and improves architectural appearance. Only single 
bearings are required at interior supports, materially 
reducing the width of piers below that required for 
simple spans. 

The time and difficulties involved in the design of 
continuous bridges, with members of variable moment 
of inertia, have prevented some designers from adopting 
such a design where it was a logical choice. 

Continuous bridges may be of several spans of varying 
length but the more common type has three sym- 
metrical, simply-supported spans. The charts ac- 
companying this article have been prepared to simplify 
the design of this type of bridge.’ 


A WELL DESIGNED continuous bridge has adepth 


PROCEDURE IN PLOTTING CURVES 


The curves presented here are plotted for continuous 
slab bridges but may be used in designing continuous 
girder bridges by transforming the girder section into a 
slab section having equivalent moments of inertia and 
using the value of r as determined for the transformed 
slab. 

The terms used in this article are as follows: 

See figure 2. 

he=depth of transformed slab at center of span, 
r=ratio of increased depth, of transformed slab, 
at interior supports to depth of slab at 
center of span, 
/—length of end spans, 
n=ratio of length of center span to length of 
end span. 
See figure 3. 
y=difference between depth of girder at center 
of span and depth of girder at interior 
supports, 
span length 
2 ; , 

See figures 8 and 9. 

K=ratio of distance from left end of span to 
position of concentrated load on the span, 
to the length of span. 

Sec figure 10. 

t=thickness of slab, 
h=depth of girder section, 
6=width of girder flange, 
6, = width of girder stem. 
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th The publication “Continuous Concrete Bridges” (second edition), published by 

; Port tnd Cement Association will be found very useful in designing continuous 

bridge »ridges having more ‘than three spans and in designing unsymmetrical 
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FIGURE 2.—DIMENSIONS OF THE 


The coefficient values used in plotting the curves of 
figures 5 to 9 were obtained by first determining the 
moments at the supports, by the distribution of fixed 
end moments. 

When produced by a concentrated load these mo- 
ments are influenced by the position of the load on the 
spans, by the length of the center span in relation to 
the length of the end span and by the relative thickness 
of the slab. These three variables, represente:' by 
Ky, n, and r require that two coefficients c and c, be 
used in expressing the moments in terms of PI. 

The moments at the supports in terms of Pl were first 
determined for various values of K and r when n=1.25. 
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Figure 3.—-CoMPLEMENT OF HALF PARABOLA. 

The moments thus determined were equated to cP 
and the coefficients ¢ determined. The moments at 
the supports in terms of P/ were then determined for 
other values of n, letting » vary from values of 1 to 2. 
The coefficients, ¢,, express the moments for values of 
n other than 1.25 in percentage of the values as deter- 
mined when n= 1.25. 

For a uniform load on any span fully loaded, the 
variable A does not exist, which permits the use of only 
one coefficient, ¢, in expressing the moments at the 
supports in terms of wl’, 

The stiffness factors, carry-over factors, and fixed 
end moments, necessary for the determination of the 
true moments at the supports by moment distribution, 
may be computed or taken from various tables prepared 
and published in connection with the subject of moment 
distribution. In this analysis the tables in the bulletin 
“Continuous Concrete Bridges” (second edition) pub- 
lished by the Portland Cement Association, were used. 

If a continuous concrete slab is to be designed, it is 
first necessary to assume a depth of slab at the center 
of spans and a depth at the supports, from which the 
constants required in using the charts may be computed. 
Knowing the dead load of the assumed slab, the live 
load to be carried and the constants determined from 
the slab shape, it is possible to compute the moments 
and unit stresses for the assumed slab and revise the 
slab depth as the unit stresses indicate. 

PROCEDURE IN 


DESIGNING A REINFORCED CONCRETE 


BRIDGE 


GIRDER 


In designing a continuous reinforced concrete girder 
bridge, the width of roadway, the span arrangement, 
and the live load to be carried, will be known. It 
necessary to assume the number, size, and spacing of 
the girders. The floor slab can then be designed and 
the loads to be earried by each of the trial girders 
determined. The next step is to transform the as- 
sumed girder into a slab shape having corresponding 
moments of inertia. With the strueture constant, 7, 
as determined for the transformed slab, together with 
the loads as computed for the assumed girder, the charts 
may be used to compute the girder moments. If the 
moments thus determined give unsatisfactory unit 
stresses, the girder shape must be changed and the 
process repeated until the desired unit stresses are 
obtained. Much work may be saved in determining 
trial sizes by using section 6 of ‘Continuous Concrete 
Bridges” published by the Portland Cement Association. 

The example which follows is not a complete girder 
design, but is given to show the use of the charts in 
computing the moments, which when known, make 
stress determination a simple process. 
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AMOUNT GIRDER Loaps 


Assume three continuous spans as shown in figure 1. 
Transform the girder shown shaded in figure 1,B into a 
slab having equivalent moments of inertia. 

The moments of inertia of the girder sections and for 
the equivalent slab sections are computed for the gross 
concrete sections without reinforcement. 

Use figure 10 and compute moments of inertia for the 
girder at supports (2) and (3) figure 1 and at the center 
of the spans. 

At supports: 


t 7’ (fig. 2 B), 
az’ CO Ge 1. A 
o=7° 4” (fig. 1, B), 
b,=1' 9” (fig. 1, B). 
t 0.604 ae 
h 7.0 0.0865 
i. 3-49.» ong 
bh 7 ff 


In figure 10, 


a. 
the curve for } 


: . t ; 
the ordinate for ] -().0863, intersects 
t 


-().2387 (visualized by interpolation 
; 


at e=0.0312. The moment of inertia, J, of the gross 
girder section at the supports, neglecting reinforcement, 
is 1=cbh?=0.0312 X7.33 X7.0°=78.4 feet*. 

The depth at the supports for an equivalent slab 


( 


) 
section can then be computed by the formula (8.4 


iZ 
and solving ford. Here 6, has the same value as before. 
7.338 
12 =78.4 
12 8.4 _ ; 
d / =5.04 feet. 


At the center of spans: 


t 74’ (fig. 1, B), 
h=3'’ %” (fig. 1, A), 
b—7’ 4’ (fig. 1, B), 
b,=1' 9” (fig. 1, B). 
t 0.604 0.1988 
h 5.04 “iniiias 
b, 1.75 
= 0).2387 
b 7.33 = 
t b, . 
In figure 10 these values of h and h give the valu 
c=0.0354. The moment of inertia, J, of the gross 
girder section at the center of the spans, neg!ectils 


reinforcement, is 


I=cbh?=0.0354 X7.33 X3.044=7.3 feet’ 
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FIGURE 5. 


The depth of an equivalent slab section, at the center 
of spans may now be computed: 


be BP 


12 


3 
=a) ere =2. 29 feet. 
\ 4.90 
Figure 2 shows the equivalent slab from which the 
values of r and n are determined. 
For use in the solution with the charts he=2.29; 


‘ - 
oe 


2.49 SO 
— 1] Des askies oo 299 
299 1.2; and n 60 1.333. 


rhe=5.04—2.29=2.75; r= 

Compute the dead loads carried by the interior 
girder shown in figure 1, considering the weight of the 
curved portion of the girder stem as a concentrated 
dead load placed at the center of gravity of the comple- 
ment of a half parabola. This may be done without 
changing the final solution appreciably, because the 
moments produced by the weight of the curved portion 
of the stem are very small in comparison to the total 
moments produced. The properties of the comple- 
ment of a half parabola, are shown in figure 3. 
remaaining portion of the dead load is assumed uniform 
Over all spans, 


The | 





DIAGRAM FOR DETERMINING MOMENTS AT INTERIOR SUPPORTS PRODUCED BY 


For 


For 
spans: 


For 
eenter 
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UNIFORM LOAD ON ALL SPANS. 


dead loads considered as uniform: 


7.33 < 0.604 *0.15=0. 664 kips, weight of slab, 
1.752.436 0.15=0. 640 kips, weight of girder 
stem, 
0.50.75 X0.15=—0. 056 kips, weight of girder 
fillets, 
7.33><0.025=0. 183 kips, future wearing 
surface, 
1.543 kips, uniform dead 
load per foot of 


girder. 


dead loads considered as concentrated in the end 


y 3.496 feet, J 30.0 feet, b, eres feet. 


<0.15=10.4 kips, weight of curved por- 
tion of stem (spans | and 3). 


5 feet, distance of load from intermediate support 


spans 1 and 3). 


dead loads considered as concentrated in the 


span: 


3.96 > oo. 


3.96 feet, »—40.0 feet :: LAD KOA 


9) rN 
) 


13.85 kips (span 2). 








0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 


0.09 


FIcure 6. 


40 
> jn 10.0 feet, distance of concentrated loads, in span 2, 
from supports. 


Figure 4 shows the girder dead loads as computed 
above. The numbers in circles are for reference later 
in the example. 

Consider that the bridge is to be designed for the 
equivalent H-—20 live load as given by the Standard 
Specifications for Highway Bridges adopted by the 
American Association of State Highway Officials 1941. 
For this example we will use an impact factor of 0.27. 

The lane width by the above specifications is to be 
10 feet. Since the flange of the girder which we are 
considering is 7 feet, 4 inches wide, let it be assumed 
that the girder carries 0.733 of one lane load. 


0.733 x 0.64 
load. 

0.733 x 18.0 
for moment. 


0.469 kips per foot, uniform live 


13.2 kips, concentrated live load 


In the determination of stress and the proper arrange- 
ment of reinforcing steel, it is necessary to know the 
moment and shears at many points. Much work can 
be saved, however, if in the preliminary calculations 
only the maximum negative moments at the supports 
and the maximum positive moments in the spans are 
determined. 
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DiaGRAM FOR DETERMINING MOMENTS AT INTERIOR Supports PropucEeD BY UNIFORM LOAD ON ONE END SPAN. 


COMPUTATION OF DEAD LOAD MOMENTS AT R>2 


The positions of the dead loads are shown in figure 4 


Uniform dead load.—From figure 2, r=1.2, n=1.333, 
and from figure 5, c=0.188. 
M,=—cwl?= —0.188 & 1.543 X 60°?=—1044.3 kip-feet 


Concentrated dead loads.—For load (1)=10.4 kips, use 
figure 8. In addition to the values of n and r already 
determined from figure 2, a value of K, indicating the 
position of the load on the span, is required. (S 
fig. 4.) 

K =" = 0.875 for load (1). 

In figure 8 the ordinate for A=0.875 intersects thie 
curve for r=1.2 (in group of curves for /,) at a point 
c=0.065. Also from the small diagram at the lower 
right of figure 8 with n=1.333 and r=1.2 we obtain 
¢:—0.975. The moment at R, due to load (1) is then: 
M.,- cc, Pl= —0.065 X 0.975 XK 10.4 K 60=—39.5 

kip-feet. 
For load (2) use figure 9. 

13.85; 1=60.0 feet; A=0.125; r=1.2; n 

For moment at R,, c=0.0665; c;= 1.09. 
M,=-—cc, Pl=—0.0665 * 1.09 X 13.85 

kip-feet. 

For load (3) use figure 9. 


Knl=70 feet; nl=80 feet; K={ =0.875. 


P 


X 60=— 60.2 
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FIGURE 7. 


P=13.85 kips; (=60 feet; r= 1.2; n=1.3: 

For moment at R,, e=0.0345; «, 
Mf,=—cec, Pl=—0.0345 *& 1.09 * 13.85 * 60= —31.3 

kip-feet 

For load (4) use figure 8. 

Since the spans are symmetrical the moment at R, 
caused by load (4) will be the same as the moment at 
* due to load (1). From figure 8 compute 7; due to 
oad (1). 


&=0,875; r= 1.2; n= 1.333; P—104 hips 
1—60 feet; ce=0.0245; e,=1.0 
M.=-+ce, Pl= +0.0245 * 1.0% 10.4 X60 15.3 


kip-feet 
Summary of dead load moments at R, 
— 1,044.3 kip-feet, due to uniform, dead load 
39.5 kip-feet, due to load (1), 
60.2 kip-feet, due to load (2), 
31.3 kip-feet, due to load (3), 
15.3 kip feet, due to load (4), 


1,160.0 kip-feet, total dead load moment at Ry. 
“ince the spans are symmetrical and the dead loads 
arc symmetrically placed on the spans, the moments at 


R and R; will be equal. 
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1.0 1.2 1.4 1.6 1.8 


2.0 


UNrrFoRM LoabD ON CENTER SPAN, 


ED BY 


COMPUTATION OF LIVE LOAD MOMENTS AT R, 


Uniform live load.—The maximum negative moment 
at R, for the uniform live load occurs when spans 1 


» 


and 2 are fully loaded, with no load on span 3. 
Use figure 6 to find the moment at R». due to the 
uniform live load on span 1. 
w=0.469 kips per foot; l 
y=]. 2° n= 1 .da0tt—0-10" 
M, ewl? 0.101 * 0.469 
kip-feet 


60 feet 
<6H0° -170.5 


Use figure 7 to find the moment at R, due to the uni- 
form live load on span 2. 


w—0.469; [—60; r=1.2; n=1.333 
c=0.128. 
MM, 0.128 0.469 60? 216.1 kip-feet. 
The moment at R, with both spans loaded is then 
170.5—216.1 386.6 kip-feet. 


Concentrated live loads.—Figures 8 and 9 are used for 
finding moments due to concentrated loads. 
Use figure 8 and compute /,, when P=13.2; r=1.2; 
n=1.333. 
K=0.52 





inspect chart and select value of A. 
corresponding to maximum moment). 
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Figure S DiacRAM FOR DETERMINING MOMENTS AT INTERIOR SUPPORTS PRODUCED BY CONCENTRATED LOADS ON END &1 


c=0.163; ¢,=0.975. Summary for maximum negative moment at Ro. 
M, cc, Pl 0.163 X0.975 % 13.260 126.0 si 
kip-feet. 1,160.0 kip-feet, dead load moment, 
[ sc ~ ie q and compute M,, when P Bae i Be 386.6 kip-feet, uniform live load momen! 
n=1.333. | 97 7 Lin f . | 
A : 127.7 kip-feet, concentrated live On 
K=0.41; ¢,=1.09; e=0.148. ne ee 
AM, -c¢, Pl 0.148 & 1.09 * 13.2 60 27.7 a aay’: Ae ’ iia 
kip-feet 138.9 kip-feet, impact (figured at 0.27), 
As 127.7 is greater than 126.0, the concentrated load 
will be placed on span 2 as giving maximum moment | 1,813.2 kip-feet, maximum negative moment 


at R,. at Re. 
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FicureE 9. 
MAXIMUM POSITIVE MOMENT IN SPAN 2 


The maximum positive moment in span 2 will be at 
the center of the span when span 2 is fully loaded with 
uniform live load and when the concentrated live load is 
placed at the center of span. 

Compute the dead load moment at the center of 
span 2. The dead load moments at Rs and R, have 
previously been determined as — 1,160.0 kip-feet. 

125 1.543 «80? 1 234.4 kip-feet, 
13.85 10 138.5 kip-feet, 

1,372.9 kip-feet (simple 
span moment for 
dead load), 

— 1,160.0 kip-feet, dead load 

moments at RK, 


and R, 


212.9 kip-feet, dead load 


moment at center 


of span 2. 
( mmpute the live load moment at the center of span v2 
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DiaG RAM FOR DETERMINING MOMENTS AT THE INTERIOR SUPPORTS PRODUCED BY CONCENTRATED LOADS ON CENTER SPAN 


with uniform live load on span 2 only and with the 
concentrated load at the center of span. The moments 
at the supports are first to be determined from the 
charts and then the moment at the center is computed 
by statics. 

The moment at R, or R, for the uniform live load on 
span 2 as previously determined is —216.1 kip-feet. 

The moment at R, or R, for the coneentrated live 
load at the center of span 2 may be determined from 
figure 9, 


K=0.5, n laoa, 7 cs £ 13.2, e=0.141, 
C; 1.09 
M,=M ce, Pl 
M,=—=M 0.141% 1.09 13.260 121.7 
kip-feet. 
216.1 
171.7 
337.8 kip-feet, live load moment at R, or R, 


with live load on span 2 in position 
for maximum positive moment in the 
span 
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liguRE 10.—MomMeENTs OF INERTIA OF T-BEAMS 


0.125 0.469 X80" 375.2 kip-feet, Summary of maximum positive moments in spa? 
0.25 13.2 X80= + 264.0 kip-feet, — 
ey |-212. 9 kip-feet, dead-load moment, 
-301. 4 kip-feet, live-load moment, 


+ 639.2 kip-feet (simple +81. 4 kip-feet, impact, 


span moment for 


live load), +595. 7 kip-feet, maximum positive moment al 
—337.8 kip-feet, live load center of span 2. 
moment at R, and 
R MAXIMUM POSITIVE MOMENT IN END SPAN 
3) 


‘ The point of maximum positive moment in the end 

+ 301.4 kip-feet, live load | span is not apparent from an inspection of the ‘igures 
moment at center | or the girder layout, and is obtained by computing the 

of span 2. moments for the various loads at sufficient points 0? 
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| 
ihe span, so that these moments can be combined for the Compute the moment at R, with the concentrated 
various points, and a maximum moment curve drawn. | load at 22.5 feet from the end of the end span. Use 
Kor the preliminary investigation to determine the size | figure 8. 
and shape of the girder, it will be sufficiently accurate 


to compute the moment at a point whose distance from | K=0.375, (=60, r=1.2, 2=—1:333. 
the end support is 0.375 1. | P=13.2 kips. From figure 8, c=0.146; ¢,=0.975. 


M, 0.146 0.975 XK 13.2 X60= — 112.7 kip-feet. 
The concentrated live-load moment at a point 22.5 
feet from the end of the end spans will then be: 


0.375 X60=22.5 feet from end support 
Dead-load moment. 
22.5 X 37.5 X0.5 X 1.543 = + 650.9 
99 £ Q”7 F 99 
fT ENO & aa. A.0OF.0 PZ Lace —— ° » 
10.4 7.5 “2.9 _ 1 99 3 + 1895.5 kip-feet, 
60 sah | - 
0.375 X1,160.0— —435.0 | _ : be 
: } O37 % 1124 42.3 kip-feet, 
+ 245.2 kip-feet, dead eee 
load moment 143.2 kip-feet, concen- 
: iii ‘ ee ; trated live load 
Live-load moment.—The maximum positive live-load moment at 22.5 
moment at the point chosen will occur when the two fant tram end of 
end spans are loaded with uniform live load and when end span 
the concentrated live load is placed at the point. 
Compute the moments at the supports for the uniform 


159.2 kip-feet, uniform live load moment. 
live load on the end spans. ; 143.2 kip-feet, concentrated live load moment, 
The moment at R, for uniform live load on span 1 
has previously been determined as —170.5 kip-feet. - on : _ ; 
The moment 7, for the uniform load on span 3 will 302.4 kip-feet, maximum positive live load 
be the same as the moment \/, for the uniform load moment at 22.5 feet from end of end 
on span 1. span. 
w= 0.469, = 60, r= 1.2, n=1.333, from figure 6, 0.27 302.4—81.6 kip-feet, allowance for impact 
¢ 0.04. - sa for maximum positive moment in end span. 
M,=-+-0.04 X 0.469 X 602= +67.6 kip-feet. 
—170.5+67.6=— 102.9 kip-feet, uniform live- Summary of maximum positive moments for a point 
load moment at R, or R; with both end spans | 99 5 feet from the end bearings. 
loaded. | 
The uniform live-load moment at a point 22.5 feet 245.2 kip-feet, dead load moment, 
from the end of the end spans will be: 302.4 kip-feet, live load moment, 
99 5 37.5X0.5X0.469= + 197.8 81.6 kip-feet, allowance for impact, 
— 0.375 X 102.9 — 38.6 


629.2 kip-feet, total. 
159.2 kip-feet uni- 
form live- The maximum moments either positive, negative, or 
load mo- | both, may be determined for any point, on the spans, 
ment at | as was done for the point 22.5 feet from the end bear- 
22.5 feet | ings, by placing the loads on the spans in such a manner 
from end of | as to cause the maximum moment at the location 
end span. desired. 


nd 


he 
on 
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EFFECT OF TAR, AMMONIUM FLUOSILICATE, AND 


SODIUM 
ANCE OF CONCRETE 


HYDROXIDE ON 


THE ALKALI RESIST- 


BY THE DIVISION OF TESTS, PUBLIC ROADS ADMINISTRATION 


Reported by E. C. E. LORD, formerly Associate Petrographer, and D. G. RUNNER, Materials Engineer 





Crate No 142 143 
Cure, moist 7 days 7 days 
Cure, air 1 day 7 days 


Ficure 1. 


-CONDITION OF CONCRETE SPECIMENS WitH Cement A, Arrer 55 Montus In MEDICINE LAKE. 


144 145 
28 days 28 days 
1 day 7 days 


W/C ratio=0.7. 


Two Tor Rows or Kacn Crate IMMERSED % Hour, With Eacu Successive Lower Two Rows IMMERSED 1 Hour, 4 Hovrs, 


AND 24 Hours IN WatTER-GaAs Tar. 


EARLY INVESTIGATIONS REVIEWED 


For a number of years the Public Roads Administra- 
tion has been conducting alkali-resistance tests on 
concrete surfaces treated with various protective ma- 
terials such as water-gas tar, coal tar, paraffin, lubricat- 
ing oil and linseed oil. The results on the earlier tests 
with water-gas tar, coal tar and paraffin have been 
reported in Pusiic Roaps.' From the field and labora- 
tory data, it was concluded that water-gas tar of proper 
quality is readily absorbed by cement mortar and con- 
crete, the rate of absorption varying, however, with 
the manner of curing of the concrete, age, and density 
of the mix. Furthermore, it was concluded that four 
coats of water-gas tar applied at the rate of about one- 
fourth gallon per square yard of surface, followed by 
one coat of coal tar appears to afford adequate protec- 


The Protection of Concrete Against Alkali, vol. 5, No. 3, 


January 1926; vol. 8, No. 6, August 192 


M iy 1924 vol. 6, No. 11, 


9R9 


Data GIVEN IN TABLE 7. 


tion against alkali attack, provided the concrete is of 
good quality, has been properly fabricated and is not 
leaner than a 1 : 2:4 mix. 

Results of subsequent investigations on alkali 
resistance using water-gas tar, coal tar, lubricating oil 
and linseed oil have also been published in) Puc 
Roaps.? From the test data relative to concrete pro- 
tection, it was found that concrete of high cement 
content, cured for a limited period in air and treated 
with water-gas tar, is capable of offering appreciable 
resistance to alkali attack. It was observed that the 
protection against alkaline waters is influenced by the 
cement content, the method of curing and the con- 
sistency of the mix. Rich mixes of medium consist« !\cy 


cured for a minimum length of time in air gave est 
results. 

2 The Effect of Water-Gas Tar on“the{Strength’and Alkali Resistance of 

vol. 12, No. 4, June 193! 
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Crate No 146 147 148 149 


Cure, moist 7 days 7 days 28 days 28 days 
Cure, air 1 day 7 days 1 day 27 days 


Figure 2.—Conpit1on oF Concrete SpEcIMENS With Cement A, Arter 65 Montus iN Mepicine Lake. W/C Ratio=0.8. 
SaMB PRoTECTIVE TREATMENT AS GIVEN SPECIMENS IN FicurE 1, Puus ONE Coat or Coat Tar. Data GIvEN IN TABLE 8, 


NEW SERIES OF TESTS DESCRIBED | TABLE 1.—Properties of cement used in concrete specimens 


In the investigations reported here, the tests were 
made on concrete specimens having water-cement n 
ratios of 0.7 and 0.8 by volume. The aggregates were 


PHYSICAL PROPERTIES 


} : Cement | Cement 
Potomac River sand having a fineness modulus of | mer * ' 
about 2.65 and Potomac River gravel containing 50 | en ; ; ' 
percent of % to %-inch size and 50 percent of %-inch to | Deere aera ere So. 200 sieve as oe 
No. 4 Size | Normal consistency, percent 23.0 23.6 
we ‘ ‘ : rime of set, hours 
['wo brands of cement passing all the standard speci- | _ Initial 2.3 5.5 
fication requirements were used in preparing the speci- | rendile strength, Ib. per sq, in 1.0 6.8 
mens. The results of physical and chemical tests on | thy i 4 ve 
these cements are shown in table 1. The mix data — 7 
and strength of the concrete are given in table 2. 
Comparing the chemical composition of the cements, ORE a eee 
it will be noted that while the major constituents (lime 
and silica) are about the same, the iron and alumina a oo | eee 
are present in widely different proportions. The con- | |. mS ay 
crete specimens made. with cement B having a low seca Abt <n “208 
alumina-iron ratio, as will be shown later, proved | Alumina (A1:0 ani «an 
much more alkali resistant than those containing | Magnesia (MgO) 2.96 | 0.92 
cement A with a high alumina-iron ratio. Srp ghd 2 30 ts 
The concrete specimens were 3- by 6-inch cylinders. | ®#tio alumina to Iron sii ws 
For each water-cement ratio, curing conditions and 
protective treatment, a batch of three cylinders was COMPUTED COMPOUND COMPOSITIONS 
cast for storage in sulphate solution in the laboratory 
and a batch of six cylinders was cast for storage in the Compound Percent | Percent 
waiers of Medicine Lake, S. Dak. —-- - 
lor all methods of treatment the specimens were | Tricalcium silicate (Css 43 62 
given an initial curing in the moist room of 7 days and he pa Saari “ener ra a 
28 days, followed by curing in laboratory air. The ee rrite (CiAF : * 
periods of air curing were 1 and 7 days for the specimens | Calcium sulphate (Caso 2.7 2.5 


to be treated with water-gas tar and 7 and 28 days for ooemnees 
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Crate No. 154 155 156 157 
Cure, moist 7 days 7 days 28 days 28 days 
Cure, air 1 day 7 days 1 day 7 days 


Figure 3.—ConpiITION oF CONCRETE SPECIMENS With Cement A, Arrer 74 Montus in MeEpicingE Lake. W/C Ratio=0.8. 
Two Top Rows or Eacu Crate GIVEN 4 Coats or WaTER-GaAs Tar, THIRD AND FourtH Rows GIVEN 6 Coats oF WATER-GAS 
Tar. Lower Ha tr or Crates GIVEN SAME TREATMENT AS Upper Hatr, Plus ONE Seat Coat or Coat Tar. Data GIvEN 
IN TABLES 9 AND 10. 


TABLE 2.— Mix data and compressive strength of concrete specimens The tars were similar to those previously used, 
conforming to provisional specifications TW-1—X_ for 
W/C ratio by volume jogged volivme) factor. | Slump Flow water-gas tar and RTCB-5 for coal tar. The detail 


) 


- requirements for these materials are given in table 3. 


Sacks per 





cubic yard Inches Percent TABLE 3.—Requirements for water-gas tar and coal tar 
OS 1:1. 96: 3.36 5.77 3l5 185 . F 
07 1:1. 70: 2.90 6. 57 3 185 
Grade TW-1-X RTCB-5 
COMPRESSIVE STRENGTH! = 
1. Specific gravity, 25°/25° C. (77°/77° F.) 1. 080-1. 100 
, P | 2. a. Specific viscosity, 40° C 3.0- 
Cured ga ese gore yy ce- base a ce- | b. Specifie viscosity, 50° C ; ; 17-2 
ment A cured in ait ment cured In alr as | 3. Total distillate, percentage by weight 
as indicated, followed indivrated, followed by To 170° C ; 9 (8 
W/C ratio by storage in moist storage in moist air To 200° C__.. i 
M Labo air for or To 235° C. ; 8. 0-18 
_" ratory To 300° C 50. 0 
air ; - : me 2 Se } a. Softening point of residue, ° ¢ 1() 
jdays 30days 365days! 9 days | 30days 365 days {. Total bitumen, percentage by weight : 08 
- -— | 5. Water, percentage by volume Teas 2. 0— 
| 
Lb. per Lb. per’ Lb. per Lb. per Lb. per Lb. per 
Days Daus sq. in sq. in sq.m sq.m sq. in. sq.in | 
0.8 7 7 3, 820 1490 5,050 3, 590 3 S70 5,320 | ! Water-gas tar for absorptive treatment shall be crude water-gas tar, which 0 bn 
ON ’ oN 4, 020 $570 5. 940 3. 700 4. 350 5.730 | treated for removal of excess water if necessary to meet the detail requirements of Uh 
0.7 7 7 4, 120 170) 6,100 4,770 5, 550 7,070 specification. — é - ; 
07 7 28 4,540 4, 930 6, 400 5, 480 5. 500 7. 050 2 Fluxed refined tar for seal application shall be prepared from refined gas Ise, 


coke-oven, and/or water-gas tars fluxed with suitable distillates. 


' Strength tests were made on batches of 3 cylinders, each stored in moist a 
the periods indicated 


r for . “1° : ; = 
| Ammonium fluosilicate and sodium hydroxide wer 


applied in solutions of 20 and 10 percent, respectiy ly, 

the specimens to be treated with ammonium fluosilicate | by weight of the air-dried compounds. 
and sodium hydroxide. | As previously indicated, part of the specimens were 
The protective materials used in these tests were | stored in a sulphate solution in the laboratory and part 
Water-gas tar, ammonium fluosilicate and sodium hy- | of them were stored in the sulphate waters of Medicine 
droxide, applied by immersion and by brush coating, | Lake, S. Dak. The laboratory storage was in a solution 
followed in some cases by a seal coat of coal tar applied | containing 5 percent-sodium sulphate and 5 percent 
with a brush. magnesium sulphate. The waters of Medicine [ake 
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Crate No. 220 
Cement A A 


Cure, moist 7 days 7 days 
Cure, air 7 days 28 days 
Months in lake 37 37 


FiGuRE 4. 


ConDITION OF CONCRETE SPECIMENS AFTER INDICATED NUMBER OF MONTHS IN LAKE. 


178 179 

B B 

7 days 7 days 
7 day 28 days 
62 61 


W/C Ratio=0.8. Two Top 


Rows or Eacu Crate IMMERSED !}5 Hour, Witn Each SuccessivE Lower Two Rows IMMERSED | Hour, 4 Hours, anp 


24 Hours In AMMONIUM FLUOSILICATE PLUS EQUIVALENT PERIODS OF IMMERSION IN WATER-GAS TAR. 


11 aND 12. 


contain high percentages of salts. Analyses made in 
1923, 1924, and 1925 indicated a total salt content of 
from 2.34 to 4.72 percent, consisting almost entirely of 
a combination of magnesium and sodium sulphates in 
which the magnesium salt predominated.’ A sample of 
water taken from the lake in July 1941 showed the 
following composition: 


Magnesium sulphate 
Sodium sulphate 
Caleium sulphate 
Sodium chloride 
Calcium carbonate 
Specific gravity 


3.3 percent. 
1.4 percent. 
.3 percent. 
.l percent. 
.06 percent. 
1.0532 
METHODS OF TREATMENT DESCRIBED 


The protective treatments were applied to 16 major 
* groups of specimens, each group containing 8 subgroups 
of cither 2 or 4 batches of cylinders each. Batches for 
the laboratory storage contained 3 cylinders each and 
those for lake storage contained 6 cylinders each. The 
general schedule for the entire series is indicated in table 
4. The major groups of specimens numbered 1 to 10, 
Inclusive, were treated with water-gas tar and ammo- 
nium fluosilicate, and stored both in the laboratory 
and in Medicine Lake. The major groups numbered 
5S to 10-S, inclusive, constituted a supplementary 
Series in which the primary treatment was with sodium 
hydroxide, the specimens being stored in the laboratory 
only. 


aPy 


RLIC Roaps, vol. 6, No. 8, October 1925, p. 174. 


Data GIVEN IN TABLES 


Cement A was used throughout the entire investiga- 
tion, while cement B was used only in the ammonium 
fluosilicate series. 

In the earlier investigations it was found that the 
curing period was a factor in the absorption of the pro- 
tective agents. In order to further investigate this 
effect, the concrete specimens were subjected to dif- 
ferent periods of moist curing and air curing. After 
air curing, the protective treatments were applied. 

The materials used in the initial treatments were 
water-gas tar, ammonium fluosilicate, and sodium 
hydroxide. These were applied both by immersion and 
by brush coating. For some specimens this was the 
final treatment. For other specimens the initial treat- 
ment was followed by a seal of coal tar consisting of one 
coat applied with a brush. Other specimens were given 
an initial treatment with ammonium fluosilicate or 
sodium hydroxide followed by an immersion or brush 
treatment with water-gas tar. 

Immediately after air curing, the initial weights of 
the specimens were determined and they were then 
given the protective treatment. They were then 
weighed a second time to determine the absorption or 
retention of the protective liquid. After a period of 
drying and immediately before immersion in the sul- 
phate solution, they were weighed again. This third 
weight was used in determining the change in weight 
that took place in the solution. 

The specimens to be treated by immersion were 
weighed and immersed in the protective liquid for the 
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TABLE 4.—Schedule of protective treatments 
a = é et See 5 - a ee ee ee ee ee 
Major | : Curing ; 
a Water-ce- = ee a ee Method of appli- | Period of immer- | Number 
er Cement ment ratio Protective material cation sion (hours) brush coat 
Moist Air 
—-|- ——___ —_——__ —— ae ee ee a, Sa eR Oe ae ee 
Days Days ’ 
1| A .-| 0.7 and 0.8__| 7 and 28_- 1 and 7__....| Water-gas tar_- Immersion 4, 1,4, and 24 | 
: | do scccat ai ied and 24. 
2, A do do = See W ater-gas tar followed by wnliens sentee Brush coat 
3/A __do do , ae DUNN 6 ccc aaewuecadkaoacsns ; a: ey Tee 4 ‘and 6. 
RS en Oe & and 6. 
4A ‘ do do re Water-gas ertiiendie ecokein dente. : do 
5 | AandB do do 7 and 28 Ammonium fluosilicate Immersion ___-- 14, 1,4, and 24 
6] aandB ‘is ie de sAmmonium fluosilicate followed by seal coat of coal Ys “Ase | %, 1, 4, and 24 _- 
| | tar...-------------------+-+------ 2220+ ---2-------- Brush coat. -_.- \-5 eaipicaic aga Be 
7 | AandB do do do _| Ammonium fluosilicate followed by water-gas tar!___| Immersion !___._| 44, 1,4, and 2 
8 | Aand B do do do___....| Ammonium fluosilicate _ - | Brush coat.._- |--------- 4 and 6. 
9|AandB do do _do : Ammonium fluosilicate followed by seal coat of coal “ee See and 6. 
| tar 
| i a ac a \ SARS eee ee 
: ee 6 
10) A do do do ......| Ammonium fluosilicate followed by water-gas tar. _ - if —_ cadgiatabs pesesen sea ses ‘and 6. 
| a i ro ee I a an oe Oi em ee [oonceren--- 
10 | B do do do | Ammonium fluosilicate followed by water-gas tar { ; - 4 SES _eecy 4 and . 
-S|A ..do do i do Sodium bydroside. ...-.........=.--=-- | Immersion......| 14, 1,4, and 24__ 
| 1 9 
6S | A do do — Sodium hydroxide followed by seal coat of coal tar scat? son] Seaham se ‘ 
7-8 | A do do do Sodium hydroxide followed by water-gas tar-- - Immersion ?___ _- ¥%, 1,4, and 24 
8-S | A do do do Sodium hydroxide - eee po ae ae 4 and 6 
OS|A do do do Sodium botvenbiotiiensl by se val coat of coal tar-- ‘ - ; and 6 
10-S | A do do do Sodium hydroxide followed by water-gas tar > s<oaeree™ and . 
1 The periods of immersion in water-gas tar and ammonium fluosilicate were the same. That is, specimens immersed for }4 hour, 1 hour, etc., in fluosilicate were t! 
immersed for 4% hour, | hour, ete., respectively, in water-gas tar. 
2 The immersion procedure was the same as described in footnote 1 except that sodium hydroxide was used instead of ammonium fluosilicate. 
TABLE 5.—Effect of sulphate solution on untreated concrete stored in laboratory! 
CEMENT 
c = Percentage of gain in weight after laboratory storage 
Series |Batch W/C ” wo wn n wv n n A w nD n a Se a = 
No. No. | ratio 4 Z 2 a ia ts Sf & z. ve = 3 ee. ee s a pe 2 = = 
=| = = = = | a a [=| =| S roo | | =| =| | | =| ss: =) = 
3 >i/g818}8)}8ie!teisissisg S S S ae Se ge =8 Bl 8s 
Fiat S epee sie ee te tein li gigia@ieatelsi-a ts 
= atl 4 Ye) t~ | @ a | S pi R ny a = 33 Be = = z o > = 
| = sia oe pee eee ae a ee Pen 
1 7 1| 1.94 27 _— : 
1 2); 0.8 7 7 | 2.55 3. 56 F s 
3 2s 1; 1.57 77 F 
4 28 7| 2.13 3. 82 F . 
| 5 7 l 1. 44 2. 59 F 
9 ) 6 7 7 7 | 2.10 | 3.00 F 
° | 7 28 1/111] 92 F 
8 28 7 | 1.80 | oe 45 F 
9 7 7 | 2.68 | 3.97 §.35| F 
3 | 10 .8 7 2 3.72 | 4.34 5.88 F 
~—o | 11 28 7 | 1.75 | 1.88 3.70 | F 
12 28 28 | 2.28 | 2.51 5. 29 F 
‘| 13 7 7 | 2.16 | 2.45 2. 64 2. 96 F 
4 ) 7 7 28 | 3.10 | 3.98 4.08 5.32 F 
te | 15 28 7 1.66 | 1.88 1.95 2. 86 F 
16 28 28 | 2.79 | 2.98 2.96 3. 46 F 
CEMENT B 
| 17 7 7 | 2.35 81 3. 04 3. 10 .f | se 4.19 F (92) 
s 18 0.8 7 28 | 3.48 3.76 4.19 4. 36 5. 04 5. 80 F (92) /|_- 
z ) 19 28 7 | 1.97 35 2. 60 2.77 3.03 |_- 3.41 F (92) 
| 20 28 28 | 2.85 3. 36 3. 55 3. 76 4.57 SES 4. 95 ee F (92) 
21 7 712.16 6¢ 2.81 2.93 3. 06 .-| 3.60 F (93) 
. | 22 7 7 28 | 3.08 3. 33 3. 33 3. 64 3.73 |....-.| 23 F (92) 
6 23 2s 71.40 1.80 1. 96 2.08 2. 37 2.60 |_- 3.05 (91) 3.26 26 
24 28 28 1. 66 2. 28 2. 51 2. 63 2. 90 m2 i. 3.92 (91)! 4.04 1. 04 
! Specimens were tested in 6 series, each containing 4 batches of 3 cylinders to a batch. F indicates failure of spec imens. 
? Figures in parentheses indicate exact number of months in solution at time of weighing or number of months in solution until failure. 
desired period of time. The periods were %, 1, 4, and | periods of time in water-gas tar. After the first immer- 
24 hours. At the end of the immersion period the speci- | sion, the specimens were allowed to dry before being 
mens were removed from the treating bath and allowed | immersed in the water-gas tar but other wise the pro- 


cedure was the same as for a single immersion. 


to drain for 1 hour before the second weight determina- 
The specimens for brush treatment were weighed and 


tion was made. If the specimens were to receive only 


this initial treatment, they were allowed to dry for 2 | given 4 and 6 brush coats of the protective liquid, « ch 
days, weighed for the third time, and immersed in the | coat being permitted to dry before the next coat was 
sulphate solution. In the case of groups 7 and 7-S, | applied. “After the final drying they were weighed and 
the initial immersion in ammonium fluosilicate or | then, if no further treatment was intended, they were 
sodium hydroxide, was followed by immersion for equal | dried for an additional period of 2 days, weighed again, 
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and immersed in the sulphate solution. The same pro- 
cedure was followed with the specimens of groups 10 
and 10-S except that the initial brush treatments with 
ammonium fluosilicate and sodium hydroxide, respec- 
tively, were followed by brush treatments with water- 
gas tar. 

The initial treatment of the specimens in groups 2, 
4, 6, 9, 6-S, and 9-S was followed by a seal treatment 
of 1 brush coat of coal tar. These specimens were 
allowed to dry for 2 days after the initial treatment, 
the brush coat of coal tar was applied, and they were 
dried for an additional period of 2 days before being 
exposed to the alkali solution in the laboratory. 

The specimens intended for storage in Medicine Lake 
were given the same treatments as those intended for 
laboratory storage. They were shipped in specially 
prepared crates containing 24 cylinders each, and were 
immediately placed in the lake, where they were 
inspected and photographed at yearly intervals at 
which time the condition of the specimens was recorded. 

The laboratory specimens were placed in covered, 
porcelain-lined 5-gallon cans containing the sulphate 
solution.* After 7 days they were removed from the 
sulphate solution, dried for ; hour in air and the gain 
in weight, based upon the dry weight after treatment, 
recorded. They were then transferred to paraffin- 
coated concrete storage tanks containing the sulphate 
solution and the gain in weight determined as before at 
intervals thereafter, or until failure. 

In addition to the treated specimens that have been 
described, batches of cylinders without treatment were 
made for each brand of cement, water-cement ratio 
and method of curing for exposure to the sulphate solu- 
tion. Immediately after the period of air curing they 
were immersed in the sulphate solution and weighed 
at intervals until failure. These specimens were allowed 
to remain in the original containers and were not 
transferred to the storage tanks. 

In all these laboratory tests, no attempt was made to 
maintain the initial concentration of the sulphate 
solution. The original volume of solution was main- 
tained constant during the period of the tests by the 
addition of distilled water but no sulphates were added. 


EFFECT OF ALKALI ON UNTREATED CONCRETE INVESTIGATED 


Before discussing the protective effect of the com- 
pounds used in this investigation, it will be of interest to 
note the relative resistance to alkali attack offered by 
untreated concrete made with cement brands A and B. 
The results of these exposure tests are given in table 5. 

It will be noted that three series containing cement A 
failed at 12 months or less, while one series failed at 
20 months. On the other hand, all series containing 
cement B were intact at the end of 69 months. It 
appears that, for the curing conditions studied, the 
resistance to alkali attack, as measured by gain in 
weight, was increased as the period of moist curing was 
increased and as the period of air curing was decreased. 
This condition was noted for concrete of both 0.7 and 
0.8 water-cement ratio. For comparable curing con- 
ditions the concrete having the lower water-cement 
ratlo was the more resistant. 

‘This solution was made up in 5-gallon lots, each containing 2.25 pounds 

304 7H20 and 1 pound anhydrous Na2SO,. 
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Crate No. 162 163 
Cure, moist 7 days 7 days 
Cure, air 7 days 28 days 
Months in lake 43 42 


FIGURE 5.—ConNDITION OF CONCRETE SPECIMENS WITH CEMENT 
B, Arrer NuMBER oF INDICATED Montus iN MEDICINE LAKE. 
W/C Ratio=0.8. Two Top Rows or Eacu Crate IMMERSED 
16 Hour, Wits Eacu SuccessivE Lower Two Rows Inm- 
MERSED 1 Hour, 4 Hours, anp 24 Hours in AMMONIUM 
FLUOSILICATE. Data GIVEN IN TABLE 11. 


PROTECTIVE VALUE OF WATER-GAS TAR, APPLIED BY IMMERSION, 
STUDIED 


Exposure tests were made on concrete specimens 
containing low-alkali-resistant cement A treated with 
water-gas tar by immersion and by brush coats and both 
with and without seal coats of coal tar. The results of 
these tests on specimens stored in the laboratory and 
in Medicine Lake are given in tables 6, 7, 8, and 9, 
corresponding to major groups 1, 2, 3, and 4. The 
results of water-gas tar treatment by immersion alone 
are given in table 6. 

It will be noted from the table that the average quan- 
tity of tar absorbed increased with the time of immer- 
sion, was greater in the concrete of 0.8 water-cement 
ratio than in that of 0.7 water-cement ratio, and was 
correspondingly greater in the specimens cured for 7 
days in air than in those cured in air for 1 day. The 
average percentage of tar absorbed by samples having 
the same air curing was uniformly greater for the speci- 
mens moist cured for 7 days than for those moist cured 
for 28 days. 

In regard to the protective effect of the tar treatment, 
the laboratory results indicate that the leaner mix 
(higher water-cement ratio), although more tar absor- 
bent, was somewhat less sulphate resistant than the 
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TABLE 6, Protective effect of water-gas tar applic Lhy ) on on cor Sp mens stored in sul ph tle solution, 
majo! group ] ement 
( lreat- Percent Percent ‘els \ UM ple ittacked and failed I 
( Wi ment, ige of ; 
ubgroup No No hit ours in water-gas 
W iter- tar I »~ | 13 67 
M is tar absorbed mu m - f te 
mor ont ont 
( ot 0.909 { } 2 6 6 } 
| 77 Oo] 1) $2 2 I < ‘ 9 I 
I 138 s I { 0) 57 0) 1, 28 I ( 6 I 
24 i4 sf 2.5 I rT) in I 
Average ) 2 Ht) 
1.03 1.37 29 I ZS ( I 
, 5 1. 40 1. 28 2 F (2 ff fi I 
. r x2 a 3 } ( « k 
| 24 2 rt ot tel OY yA | i b t I 
1 Verart 1.¢ 1.0 4 
( 1] 4 ; I 9 0 0 ( I 
l 5 SS Os } ( 0 ( } 
14 rn ‘ I 
5 si I } 4 oo he) } { ( I 24 0 I 
{ 24 sv 0 s 2 2 I Z 0 0 I 
Average 60 73 
67 1. 45 2. 42 2 2 F (22 ( t 6 I 
) l 82 1.18 G4 ( a F (2 r ( 6 I 
| 141 5 5 1 1. 20 OO $4 5 OW (20 I 2 ( 0 ( I 
lL 24 1.7 58 0 9 38 (20 F (27 ( 0 6 } 
Average 1. 10 1.0 74 it 
| I 64 7 28 6 (21 F (2s ( ( 6 6 ( 
l 73 H4 4 0 (21 } 2s 0 Ty} 6 6 6 
) ) 
I42 | 4 a7 6 ") 2 2] } 1 0 0 6 6 6 
24 1.1 0) 75 2.2 21 k 5 I 0 0 0 6 
Average S7 H4 ay 2. 86 
| ! 63 1.2 1.70 5.46 (21 F (22 0 6 t) 6 i 
6 143 - I 9) 1.02 1. 48 4.73 (21 F (22 0) fj 5 6 F 
| } 1.44 s4 1.18 3.82 (21 F (27 0 6 6 6 F 
24 1.82 O4 97 2.72 (21 F (27 0 0 6 6 F 
\verage 1.20 93 1.3 4.19 
| ly 33 64 1. 00 2.43 (20 F (27 0 0 0 6 6 I 
- = l 4] 15 SY > O& (20 F (27 0 0 0 6 6 I 
‘ ) > me rs 
144 <5 | j 56 43 SO 1.61 (20 F (30 0 0 0 6 6 I 
24 66 27 5S 1.52 (20 F (30 0 0 0 6 6 I 
Average 44 . 45 82 1. 96 
ls 59 1. 08 1. 64 1.98 (20 F (31 0 6 6 6 F fe 
8 145 ~ 2g - l 68 95 1. 46 2.27 (20 F (31 0 6 6 6 F 
: = | { 1. 08 69 1. 22 1.47 (20 F (31 0 tb 6 6 F 
24 1.51 14 1.04 1.12 (20 F (31 0 0 6 6 F 
Average OH SU) 1. 34 1.71 


' Values based on 3 and 6 specimens for laboratory and lake storage, respectively 
? Figures in parentheses indicate exact number of months in solution at time of we 


richer mix. It will be observed too that the quantity 
of sulphate absorbed by each subgroup of specimens, as 
indicated by the gain in weight, decreased as the time of 
immersion in the water-gas tar was increased. The 
greater resistance thus indicated was reflected to some 
extent in the ages at which failure took place, but the 
differences in age at failure are not sufficiently great to 
be considered of practical importance. After 33 months 
exposure to the sulphate solution all specimens stored 
in the laboratory had failed. 

The effect of the water-gas tar treatment on the dur- 
ability of samples stored in Medicine Lake showed 
approximately the same trend as that indicated by the 
laboratory specimens. However, all the lake specimens 
had failed at 67 months. Comparable subgroups of the 
richer mix were somewhat more alkali resistant than 
those of the leaner mix and the beneficial effect of the 
shorter air curing was also indicated. (See photo- 
graphs in fig. 1, erates 142 to 145 inelusive.) 

EFFECT OF WATER-GAS TAR WITH COAL TAR SEAL COAT 
The results of the tests on conerete treated with 
water-gas tar by immersion, followed by a seal coat of 
coal tar, are given in table 7. A comparison of these 
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F indicates failure of specimens 
ighing or number of months in solution until failure. 


results with those given in table 6 shows that the addi- 


tion of the seal coat appreciably increased the resistance 


of the concrete to the action of sulphate waters. 

Of the specimens shown in table 6, all had failed in the 
laboratory at 33 months. 
shows that none of the seal-coated specimens failed in 
the laboratory until about 53 months and two of the 


subgroups were showing continued resistance at ages of 


101 and 102 months. 
The absorption of tar by the specimens shown 


In contrast to this, table 


same manner as the specimens of table 6. 
| shows that the resistance of comparable subgroups 


laboratory specimens was generally greater fort! 
water-cement 
water-cement ratio of 0.8 (lean mix); and was great 
| for the specimens cured 1 day in air than for thos 


ratio of 


cured 7 days in air. 
exceptions, 
influenced the resistance of the laboratory specim: 
| also influenced the resistance of the specimens stored 
| Medicine Lake. 


With 


and 


minor 


Insofar as the data for both laborator 
Lake specimens permit of a determination, 


0.7 


(rich 


the 


mix ) 


same 


than 


factors 


Table 


for th 


t! 


i 
table 7 was affected by the different variables in th 


{) 


it 


appears that little, if any, added durability is gained 
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TABLE 7. 


sulphate solution, major group 2, ¢ 


Percentage 
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Protective effect of water-gas tar applied to concrete by immersion followed by 
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GY 
xh 
ss 


Cured oa re Percentage 
davs Ss ot tar 
: - absorbed 
Subgroup No, e & = 
7 = = ei & = : 
= = be ls E ee Be : 
& = a. < jen = is t — 
| 0. 60 0. 56 0 0. 64 
, - | l 62 60 
l4¢ 0.5 l { bat hy 62 1 tf 
| 24 1. 2¢ 62 19 +) 
Average Sti 61 27 
| l 4 4] SB 1 142 
- - - l 1. 22 44 76 l ) 2 
i 8 e j 1.80 44 4 ,: 18 » 
| 24 2. 32 su is ( 2 
Average 1. 57 4.3 70 < 2 
| 1 tf} 60 is Se 
148 S % 1 I oo ot 18 ot 
} oO s 44 I 
| 24 8 2 ( 
Average 66 52 4() 77 
| ; 5O 54 | 1.42 
149 s 2s 7 I 82 48 8 1.40) 2 
* “8 | i 1.19 3Y 21 
24 1.83 45 04 s 
Average 1.09 i4 3S | 1. ie 2 
ly, .61 14 12 or 4 
150) 7 7 l I 61 38 02 oF) 1 
‘ ‘ | rl s4 10 0 60 
24 1. 04 31. OO 56 
Average 77 38 04 ti4 l 
1, 68 42 50 1. 20 l 
{ 151 7 - 7 l 95 . 40 38 1.11 l.é 
| } 1. 34 44 27 86 1 
24 1. 80 44 l4 7¢ ] 
Average 1.19 42 32 98 
| le 39 37 23 83.1 
152 ; + , l 45 39 23 84 
Bs | } 2 4] 10 64 
24 64 43 04 60 
Average 53 40 15 73 
| lo 10 33 44 | 1.42 | 2 
! 153 7 8 7 7 = 27 | 1.26 | 2 
| 4 91 20 15 | 1.07 | 1 
24 1.4 28 06 a7 ) 
Average 83 32 ee 


' Values based on 3 and 6 specimens for laboratory and lake storage respectively 


by increasing the period of immersion in water-gas tar 
beyond 1 hour. Photographs of crates 146 to 149, 
inclusive, are shown in figure 2. 


PROTECTIVE VALUE OF WATER-GAS TAR APPLIED BY 
BRUSH COATING 


The test results for concrete treated with water-gas 
tar applied by brush coating and for a comparable 
series of brush-coated specimens with a seal coat of 
coal tar are given in tables 8 and 9. The significant 
iowing of these tables is the low protection afforded 
‘onerete by brush coats of water-gas tar (table 8) as 
impared to the protection given by the same treat- 
nent with an additional seal coat of coal tar (table 9). 
ver half of the entire lot of laboratory specimens with 

brush coat only had failed at 40 months, while 
ractically all the laboratory specimens with an addi- 
tional seal coat were intact at 76 months. The test 
results indicate about the same general relations 
between water-cement ratio, method of curing and tar 


on Anum x A 
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coat of coal tar. Specimens stored in 
ement | 
; — a! Number of lake samples attacked and failed after— 
om ee Mae > = x) x 
A : = = = =a 

23 14 | ( 0 if) 0 6 t { 1} iF 

29 j 0 ( ( ( 0 0 $ 1F 

j 4 ( ( 0) 6 ( } a0 tk 

} 0 0 () 4 ‘ ih 2F 2F 

I ( I 

I 6 I 

I 6 I 

I 6 | 

7s 7s ( ) () ( Fk 

2 ss ) 0 | F 

24 i rh | F 

( } ( i) 6 I 

I ; ( 6 F 

I ( 7 ‘ oF Ik 

} ( ( 3 f i} I iF F 

} ( 0) ( t 2I F 

12 lL. I ( 0 1 2 ( 6 6 6 6 
1,20 1 45 9 I 0 0 0 0 0 2 2 2 2 
1.64 | 2.2 0; O| 1] 1 2 2| IF 2! 
1.16 | 1.41 , 2 | ( 0) 1 2 6 6 6 IF 
1. 38 1. 70 
1.88 | 1.92 | 2.13 I 0 0 0 1 6 6 6 4F 5F 
1.76 | 1.76 | 2.10 s } 0 0 0 0 l 1 2 4 IF 
1.26 | 1.26 | 1.42 | 2.19 I 0 0 0 1 6 6 IF 3F 
1.14 | 1.14! 2.96 k 0 0 0 l 6 6 3F 41 
1. 51 1. 52 2 
1.10 | 1.20 | 1.72 | 2.15 F 0 0 0 0 6 6 iF F 
1.11 1.11 1. 3¢ 2. 29 F 0 0 0 0 6 6 iF F 

4 7 2 f I 0 0 6 6 6 6 iF F 

G4 gg k 0 0 6 6 6 6 1F F 
1.02 Lo 1. 48 2.4 

k 0 0! 0 0 6 6 IF F 

F 0 0 0 1 6 6 IF k 

I 0 0 0 1 6 6 2F I 

Fk 0 0 3 2 F 
indicates failure of specimens 


absorption as were recorded in tables 6 and 7 for the 
immersion treatment. 

Comparing the effect of the treatments on specimens 
stored in Medicine Lake, it will be noted that nearly all 
cylinders treated with water-gas tar alone had failed 
after an exposure of 74 months or less (table 8), while 
of those receiving the coal tar seal coat, only two 
failures were recorded at 74 months (table 9). | Photo- 
graphs of crates 154 to 157 inclusive in figure 3 show the 
condition of four representative subgroups with and 
without seal coats of coal tar. 


EFFECT OF AMMONIUM FLUOSILICATE ALONE ANDIN COMBINATION 
WITH WATER-GAS TAR AND SEAL COATS OF COAL TAR 


A preliminary investigation of various fluosilicate 
compounds indicated that the ammonium salt, when 
applied to concrete in a 20-percent water solution, was 
effective in retarding sulphate attack, especially when 
followed by an application of water-gas tar or coal tar. 
Exposure tests were therefore carried out on specimens 
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TABLE 8. 


group 38, 


Percentage of gain in weight after laboratory 


PUBLIC ROADS 


Protective effect of water-gas tar applied to concrete by brush coating. 


ce 


storage 


Subgroup No. 


Brush coats of 
W ater-gas tar 
absorbed 
»6 months 
to 17 months 


14 month 
t¢ 


15 


Average 


Average 


Average. 


Average 


Average. 


3 to 29 months? 


2. 2 


A vetage_. 


Average 


. 56 


Vol. 23, No. 11 


Specimens stored in sulphate solution, major 


ment A! 


‘umber of lake samples attacked and failed after 


38 to 40 months 
51 months 
14 months 
26 months 
4 months 
110 months 
1 months 


) 


38 months 
50 months 
62 months 
86 months 
98 months 


| 


} 


(29) 
(29) 


9 
. 


388 


90 
. 98 


9 « 


(27) 
(27) 


9 
9 


MH 2% 


! Values‘based on 3 and 6 specimens for laboratory and lake storage respectively. F indicates failure of specimens. : , eae 
? Figures in parentheses indicate number of months specimens had been in solution at time of weighing, or number of months in solution until failure. 


treated with this material alone and in combination 
with water-gas tar and seal coats of coal tar in the 
manner indicated in table 4. The concrete test speci- 
mens were fabricated both with low alkali-resisting 
cement A and with high alkali-resisting cement B. 

As the exposure tests progressed, it became evident 
that*the alkali resistance did not materially increase 
with the quantity of fluosilicate applied, but was af- 
fected more by the curing of the test samples. For 
this reason the results of individual treatments have 
been combined and the values recorded in tables 10 
and 11 are the averages of all treatments applied to 
“ach subgroup of specimens. 

The laboratory test results indicate that none of the 
treatments involving the application of ammonium 
fluosilicate to concrete made with cement. A (table 10) 
was particularly effective. 

The specimens of major group 5, treated with fluo- 
silicate by immersion, showed no better resistance than 
similar untreated specimens (table 5) while, with the 
exception of major group 7, few of the laboratory speci- 
mens attained ages greater than 20 months. The lake 
specimens showed about the same general trend of 
performance as that for the laboratory specimens. 
Major group 7, treated by immersion with fluosilicate 
and water-gas tar, has shown the best resistance to 
sulphate action, both in the laboratory and in the lake, 
but even in this group the performance is not impres- 
sive as compared with that of the specimens treated 


with water-gas tar and given a seal coat of coal tar. 
(See tables 7 and 9.) 

Table 11 shows the results obtained with the various 
treatments with ammonium fluosilicate and tar ap- 
plied to concrete made with cement B. In view of 
the results shown in table 10 for concrete made with 
cement A, it must be concluded that the greatly 
superior resistance recorded in table 11 is due primarily 
to the character of the cement rather than to the pro- 
tective treatments. It is also concluded that ammon- 
ium fluosilicate, either alone or in the various combina- 
tions with water-gas tar and coal tar, does not afford 
effective protection to concrete exposed to the action 
of sulphate waters. 

Photographs of representative crates of specimens 
from major group 7, made with cements A and J, 
are shown in figure 4. Two crates from major group 
5 made with cement B are shown in figure 5. 


PROTECTIVE VALUE OF SODIUM HYDROXIDE 


The specimens in major groups 5-S to 10-S, inclusi 
were made with cement A and the treatments were 
identical with those given the specimens in the corre- 
sponding major groups 5 to 10, inclusive, except that a 
10-percent solution of sodium hydroxide was subs'!- 
tuted for the 20-percent solution of ammonium fluo- 
silicate. The results of the exposure tests, which were 
made only in the laboratory, are shown in table 12. 
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TABLE 9. 


sulphate solution, major group 4, 


& 
. ; ~ Percentage 
Cured— | @ | of tar ab- 
= ob sorbed 
me 
Sub- Ps un 
group = & n we 
No. g - S = 
a c a y a = =} 
5 s S S - = S F 
4 a] ; | =_= = N 
a taal - a be = = = in 
S C a2) w = <3 | = & 
s = S & z= Ss ° é S$ : 
O = = < fa = oO = a a 
cS f 41} 0.86 | 0.30 | 0.32 | 0.87 | 1.31 
2 104 | 0.8 ‘ li) 6/111] .31|] .19] .61| 1.29 
Average J = on Sie 30 | .26| .741| 1.30 
- o Pa | j 99 Bey | .46 | 1.10 | 3.82 
- Eee 155 ci . Si. UG eae aF 38 | .98 | 2.12 
Average : E 1. 22 27 42 | 1.04 | 2.97 
- r o f 1 .74 . 30 -42 | 1.08 F 
i is) 68) B 1 6] 197] 30} 125] 90 F 
Averagt 85 . 30 33 gy 
— a |, { 59 .3l 67 1.56 | 2. 54 
B------- 194 S md ‘iy 6 80) 31 55 | 1.32 | 2.00 
Average 70 l 61 1.44 | 2.27 
, 158 “ = f } 86 28 23 .80 1. 28 
2 ( ll) 611.20] .28 i3| .84] 1.32 
Average 1.03 28 18 . 82 1. 30 
159 re if 4] .94 34 35 88 | 1.42 
| 6 1. 33 34 25 90 1.44 
Averagi 1.14 4 34 30) 89 | 1.43 
~ 9 f 4 4() 37 31 90 1.19 
160 * l ) 6 AS 37 23 SO 1. OS 
Average . 46 37 27 85 1.14 
- a-is } 16 39 59 QS ee 
Dy 
161 . “5 it 6 57 39 33 x( 1. 60 
Average 52 39 46} 89 1.68 


! Values are based on 3 and 6 spec 


The protection afforded by the treatments involving 


the use of sodium hydroxide was, with some exceptions, 
generally superior to that afforded by the similar treat- 
ments with ammonium fluosilicate. It is perhaps note- 
worthy that the greatest resistance to attack was shown 
by the specimens of major groups 6—-S and 9-S which 
were the only ones with a seal coat of coal tar. How- 
ever, the protection afforded by the sodium hydroxide 
treatments was distinctly inferior to the protective 
effect of the treatment with water-gas tar followed by 
a seal coat of coal tar as recorded in tables 7 and 9. 
CONCLUSIONS 

From the data that have been presented, the follow- 
ing conclusions are drawn: 

1. The trends of performance of the specimens ex- 
posed in Medicine Lake and those exposed to the 
action of sulphate solutions in the laboratory were in 
sufficiently close agreement to justify the conclusion 
that the results of laboratory tests of this character 
may be considered indicative of the performance to be 
es pected under natural conditions of exposure. 

2. Concrete fabricated with the cement having a 
low ratio of alumina to iron was more resistant to sul- 
Plate action than was concrete containing the cement 
having a high ratio. 


mens for laboratory and lake storage respectively 


Protective effect of water-gas tar applied to concrete by brush coating, followed by a seal coat of coal tar. 


Percentage of gain in weight after laboratory storage 


PUBLIC ROADS 291 


an 


Specimens stored in 
cement A ! 


Number of lake samples attacked and failed after— 


a n 
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Jn = > - —- cs] os re) — ~ ra S - 
71 1.82 Rg | 0 0 0 4 ( I 
75 3. Of I 0 0) 0 l ( I 
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F ( 3 ] 2} I 
$2 4. 20 I { ( l l ( } 
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B.1 3 I ‘ ‘ t 6 t 2k 
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33 14 2.1 I { 0) l t t 1} I 
9 13 1.8 ( 0 l ( t | I 
+) l ; ] 4 
* 9 | ( 0 0 0 5 ) I 
7 I ( 0 0 0 0 0 2 2 
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3. The application of water-gas tar to concrete either 
by immersion or by brush coating afforded about the 
same degree of protection. The resistance to sulphate 
action was greatly increased by the addition of a seal 
coat of coal tar. The data indicated no appreciable 
added benefit from immersion in water-gas tar for more 
than 1 hour or from the application of more than 4 
brush coats 

4. Ammonium fluosilicate, alone or in combination 
with water-gas tar or coal tar, did not afford adequate 
protection from the action of sulphate waters. 

5. Sodium hydroxide, alone or in combination with 
Wwater-gas tar or coal tar, afforded better protection 
than similar treatments with ammonium fluosilicate. 
However, all the treatments with sodium hydroxide 
were distinctly inferior to the treatment with water-gas 
tar followed by a seal coat of coal tar. 

6. The resistance of the treated conerete was influ- 
enced by the character of the conerete and by its 
curing prior to treatment. Concrete of the richer mix 
having the lower water-cement ratio was more resistant 
than concrete of the leaner mix with the higher water- 
cement ratio. Also conerete cured for a short period 
(1 day) in air prior to treatment was more resistant 


than concrete cured for a longer period (7 days). 
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Cured Average absorbed Gain in weight after laboratory storag 
P Sub- . , , 
ajor g Crate - nm 
M aN group group rate W ( rreatmcent 
No. ' No. ratio ‘ 9 
No. Moist Air Salt Tar 14 month 6 to 10 HT to 20 
. _ . months months 
Days Days Percent Percent Percent Percent ! Percent | 
I 202 0.8 7 7 1, 32 2. 78 F (10) 
2 203 8 7 28 2. 00 3. 36 F (9) 
3 204 § > 7 : 1. 04 1. 90 F (8) 
; r 05 2 OK 2 — og Babine epee gr . Liv 2 9] F (8) 
’ e pal Ss "t > J Ss oO ) - 
) 206, 7 7 . poner a ag rs 1.14 2. 28 F (9) 
fi 207 7 7 et aad ses 1. 47 3. 37 F (8) 
7 208 7 2s 7 75 1. 84 F (8 
s 200 7 I Qk | 1.05 2.45 F (7 
Group average 1. 24 2. 61 
v 210 S 7 7 it) 1. 76 0.4 1. 95 2.52 (6 F (19 
10 11 s 7 28 2. 22 51 1. 68 3.02 (5 F (2 
1] 212 s 2s 7 |Immersion in ammonium fluo- Qs 50 1.35 1.88 (5 k s 
‘ 12 213 & 2s aa! silicate for periods of 49, 1, 4, 1. 33 42 1. 62 2.98 (4 F (10 
, 13 214 7 7 r and 24 hours plus | brush coat 1. 38 19 1. 69 2.47 (5 F (18 
14 21 7 7 8 of coal tar. 1.49 37 1. 69 3.0 ) F 
15 2l¢ 7 28 7 70 82 2.09 (4 F (17 
16 217 7 28 28 1.0 12 1. 37 2.36 (4 F (1 
Group average 1. 3 14 1. 52 2 
17 2149 s 7 7 1. 80 1. 58 1.66 (5 1. 70 
Is x) S 7 28 . —— 2. 40 61 2. 52 2. 45 2. 50 
19 oT 2 oA - |Immersion in ammonium fluo- R4 34 1 30 1 62 (4 9 98 
. ported a - silicate for periods of !9, 1, 4, 19 , : > a 
= 20 299 S os Js , 4 ; 1. 26 4] 1, 52 1. 86 4 yi ; 
7 | ws - ns 7 ind 24 hours followed by equal 1 29 19 199 1 40 “¥ 
2 D4 _ ° OX periods of immersion n water- 1 85 5 44 183 (4 190 
23 225 7 28 71, 2= var. | s 7 GO 1 T? S 1.70 
D4 2%; - OK oe | { R2 45 156 198 (3 9 55 
Group average 1] 16 1.50 1. 75 2 10 
( 2 227 S ri ri { 2.00 2.58 5.19 (7 QS 
2 228 s 7 28 1.84 3.49 1.09 (7 F (1s 
3 0 s 2s 7 1. 43 1.78 ON (fF I ‘ 
s 2s 34 s oN 28 \4and6 brush coatsofammonium / 1.52 Sis 3. OS k 
at 231 7 7 fluosilicat 67 1. 96 2.33 (7 2.81 (18 
x) 232 ; 7 28 27 3 26 (7 B5 (IS 
7 233 28 7 |i 1.97 2. 26 ( } 
2 234 2s 28 |) 2. 29 84 (¢ I 
Group average 1. 5S 2. 45 7 &Y 
oy 227 S 7 “iy 2. Ot 13 2. 47 3.01 (7 I 
i 208 § 7 2s 1.78 39) 1. 90 3.51 (7 k s 
; 220 2s ‘ 4 and 6 brush coats of amn 1. 4 42 l 2) l a7 t 4.59 ‘ 
9g st} 23) s os 2s : . : 1.42 q :. 3 9.78 } 
<i oo —* = > nium fluosilicate plus | brush { 1 eR o 1.63 9 12 (7 » 24 
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y 233 ri 2s ri | 2 sg 1. 22 068 (6 I 
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10 14 238 s 2s 2s nium fluosilicate plus an r 2 10) 1. 43 2.64 (8 k 
15 239 7 7 7 age of 3 brush coats of water 1. 40 50 1. 21 1.95 (10 I 
i) 240) 7 7 28 gas tar. 1.72 79 1.10 197 (9 F 
17 241 7 2s qi Bs SF 32 71 1.16 S 1, 54 
is 42 7 28 28 / \ 1.45 38 93 1.92 7 
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! Values for major groups 5, 6, and 7 are based on 12 specimens for laboratory and 24 specimens for lake storage Values in major groups 8, 9, and 10 
for laboratory storage and 12 specimens for lake storage for groups 8 and 9, and 24 specimens for lake storage for group 10. F indicates failure of specimens 
theses indicate number of months specimens were in solution at time of weighing, or number of months in solution at time of failure. 
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concrete made with cement A, stored in sulphate solution ' 











Gain in weight after laboratory storage Number of lake samples attacked and failed after 
- PS =) | ; 7 ' : ; . - actemiiy : - 
24 to 27 | 30 or 31 38 or 39 |, | 3to8 11 to 13 15 to 21 23 to 25 27 to 33 35 to 45 47 to 53 59 to 65 “ae - - ‘ 
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0 (7)) Ha 0 (19))_- F (32) 
0 (7) ates 24 (19)|_- F (31) 
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TABLE 11.—Protective effect of ammonium fluosilicate and tar on 

















Cured Average absorbed Gain in weight 
Sub- Crate Ww/C . 
Major group No group ; Treatment 
No, ratlo 1 an : - 
No Moist Air Salt Tar ‘ 37 to 46 48 to 58 
; . ie ; month months months 
Days Days Percent Percent Percent Percent 
] 162 O.8 7 7 2. 80 3.64 (45) 4. 22 (55 
2 163 & 7 28 3. 37 4.49 (44) 6F (55 
3 164 s 28 7 — ie 3 .97 2. 29 2.99 (44) 3.14 (56 
{ 165 ® 28 2 —— in ae 7 113 3 17 4.05 (44) $46 (55 
‘i 16565 7 7 | ——. 1.09 2.30 2.97 (45) 3.11 (56 
6 167 7 7 28 aot 1. 66 3. 16 3.74 (44 4.24 (HE 
7 16S 7 28 7 . 66 1. 68 2.46 (43) 2.73 (54 
S 169 7 28 28 . 76 2. 29 3.12 (43 3. 30 (54 
(;roup average 1. 26 2. 63 3. 43 3.79 
uy vs 7 2 OS 0. 37 2.44 3.20 (44) 3. 20 (55 
10 S 7 28 3. O07 27 1, 37 3.84 (42) 3.99 (52 
11 8 2s 7 |Immersion in ammonium fluo- 1.13 28 . 68 2.17 (42) 2.17 
, 12 ‘ 28 28 silicate for periods of 4%, 1, 4, 1. 6 34 1.17 2.95 (41) 2.95 (52 
i) 7 7 7 ( and 24 hours plus 1 brush coat 1. 25 . 36 115 2.3 $2) 2.31 (54 
14 7 7 28 | of coal tar 1. 80 31 1. 41 2.80 (40 2.80 (52 
1h 7 2s 7 li 5S 30 65 1.88 (41) 1. 88 
16 7 2s x | 87 30 46 >. 29 (41 2.35 (52 
(Group average 1. 55 32 1.17 2. 68 2. 71 
17 178 s 7 7 2. 72 1. 50 1. 50 2.24 (40) 2.24 
Is 179 ‘ 7 28 |Immersion in ammonium fluo- 3.11 Q7 2.10 271 (38 2.71 (Al 
19 181 by 28 7 silicate for periods of 4, 1, 4 83 72 1. 57 2.14 (44 2. 26 
7 20) isa & OS oN ind 24 hours followed by equal 1. 38 72 OS 278 (37) 2 R81 (4s 
21 182 7 7 7 periods of immersion in water- 1. 69 95 1.24 1. 85 (38 1.96 (At 
22 183 7 7 oN gas tar 227 62 35 2.91 (37 2.91 (49 
23 184 7 2s 7 77 60 1.39 2.02 (45 2.06 (dt 
24 IS} 7 2s 28, &o 55 2.00 2.29 (43 y 
Group averagé 1.71 83 1.78 2. 36 2. 40 
25 186 s 7 i 3. 52 3.43 4.30 (46 4.51 (58 
26 187 s 7 28 3. 28 4.70 F (43) 
27 ISS s oN 7 1. 40 298 2.50 (43 2.80 
Ss 2s 189 s 2s 28 \4 and 6 brush coats of ammo- 1. 62 3.12 3 39 (48 3. 95 
29 190 7 7 7 nium fluosilieste 3. 18 3: 20 3.53 (41) aes 
30 19] 7 7 2s 2.67 3. 51 4.10 (41 4.36 
31 142 7 28 7 1. 70 2. 33 2.4 (42) 2.75 
| 32 u3 7 a4 os } 1.92 2.68 3. 09 42 3 94 
Group average 2. 4! 3.15 
33 IS6 s 7 7 }. 37 44 3. 03 4.26 (45) 1.36 
4 IS7 8 7 28 3. 43 51 4.15 F (44 
hh ISS . 28 7 a ie ms : : 1. 25 4% 95 1.91 (43) 1.91 
‘ 26 189 g ~ og ge obo repr set nome nium 1 62 A) 1 39 290 (42 2 96 
: = ~~ ~ - OSLINCE “J wus 1 rusn Oat ‘ € = € . 
37 190 7 ‘if acedte. — os 2 91 44 3.13 3.47 (41 3. 46 
ss 191 7 7 28 sak Sei . 71 41 3. 22 3.86 (41 3.86 
3] 192 7 28 7 1.7] 41 1. 21 1.99 (42 2. 09 
1) 193 7 oS IS 1. 90 55 .97 2.468 (42 » ag 4 
Group average 2. 36 17 2. 25 
41 194 x 7 7) 3. 59 1. 02 2. 28 2.69 (41) 2. 7¢ 
12 195 8 7 8 19 3 3. 45 3.73 (39) 3.75 
43 196 8 28 7 F i i a ae ae 2.13 on) 1.65 2.19 (38) 2.19 
‘i 4 107 @ O8 oR han Serum — mim —_ 2 5 55 2 07 3 40 (37) 3 40) 
i © = ~ ~ Os *t ’ St t iv¢ ) - 
45 198 ; ante speach ype ner tity Aig 19 34 2.13 2.64 (39 2.72 
16 199 7 7 28 PNNOIES SONEOE Ae OURS ERS EE 2 2 10 » 5S 3.01 (38) 3 06 
17 200 7 28 7 67 25 1.03 1.56 (37 1. 63 
is 201 7 28 28 2. 57 aa 1.93 > 61 (37 2. 61 
Group average Lat 2. 58 4] 2. 51 2.73 2. 76 


! Values for major groups 5, 6, and 7 are based on 12 specimens for laboratory and 24 specimens for lake storage. Values in major groups 8, 9,and 10 are for 6 specimet 
laboratory storage and 12 specimens for lake storage in the case of major groups 8 and 9, and 24 specimens for lake storage for major group 10. F indicates failure of specin 
Figures in parentheses indicate number of months specimens were in solution at time of weighing, or number or months in solution at time of failure. 
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TABLE 12.—Protective effect of sodium hydroxide on concrete made with cement A and stored in sulphate solution ! 


Major 
group 
No. 


Values are based on 12 specimens for major groups 5-8, 
parentheses indicate number ! 
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44 A 
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‘ Average ! a ‘ 
( j reight after ls _ 
ured absorbed | Gain in weight after laboratory storage 
‘Treatment oe a es i. ie. ics ~ a iia 7a ae 
Mot | Al a T: 4 2to9 | 15to2l | 27to29 | 400r41 | 51 to 64 | 64 to 76 93 
- _ “ide al month months months |-months | months | months | months. mont 
Days Days Percent Percent | Percent Percent Percent | Percent | Percent Percent | Percent | Perce 
7 7 1.95 2.03 2.99 (6) F (19) 
7 28 2.13 2.72 4.22 (6) F (19) 
28 7 |Immersion in sodium 1.00 1.66 | 2.57 (6) F (19) 3 
28 28 hydroxide for peri- 1.42 2.02 | 5.22 (6) F (19) a 
7 7 ods of 4%, 1, 4, and 24 1. 50 1.44 2.58 (6) F (19) 
7 28 hours. 1.73 2.16 3.19 (6) F (19) - 
28 7 85 1.35 1.90 (6) F (19) 
28 28 1.19 1. 55 2.69 (6) F (18) - 
Group average 1.47 1. 87 3.17 
7 7 1. 66 0. 47 69 .92 (3)| 1.07 (16)! 1.37 (27) 2.06 | F (64) 
7 28 ||Immersion in sodium 2. 37 . 40 69 1.15 (3); 1.24 (16); 1.90 (27) 3. 63 F (64) 
28 7 hydroxide for peri- 1. 24 . 46 84 1.21 (3); 1.67 (16)| 2.50 (27) 3. 26 F (63) 
28 28 ods of '4, 1, 4, and 24 1, 36 .49 79 1.33 (3); 1.59 (16) 2.80 (27) , 
7 7 hours plus 1 brush 1. 30 . 43 6 88 (3)| 1.04 (16) 1.15 (27 1.40 | 1.80 (64) 1.96 (76) 3F 
7 28 coat of coal tar. 1.82 . 40 81 1.19 (3)} 1.28 (16); 1.70 (27) 2.14 | 2.90 (64) F (76) 
28 2 1. 03 49 73 97 3)! 1.02 (16); 1.25 (27) 2.03 F (63) 
28 28 1, 25 46 62 97 (3)| 1.01 (16) 1.32 (27) 1. 63 F (63) 
Group average 1. 50 45 73 1. 08 1. 24 1.74 
7 7 s a 1. 55 58 69 2.70 (9) F (20) 
- oR Imime rsion in sodium 2 39 87 R9 2 23 (8) F (19) 
; ms hydroxide for peri- . :  -- > 19 
28 ; ods of 1. 1. 4, and 24 1. 06 . 50 64 | 2.37 (8) F (21) 
28 28 Soe * eee - 1. 30 33 91 |. 3.15 (8) F (20) 
~ 7 hours followed by md : a a 
7 i ecual oaitods of im- 1.17 .49 48 | 1.63 (9) F (20) 
7 i Bg nlieenall | L 62 72! 1.64 (8))  F (19) 
28 7 rane a SI 44 43) 1.23 (8)| F (19 
on oR : 1.16 31 7 2.00 (8 F (20 
Group average 1,42 49 6S 2. 12 
7 7 1.94 2. 87 3.35 (4) F (16 
7 28 Bae 3. 24 3.76 (4 F (16 
oR 7 1. 26 2. 10 2.36 (4 F (16 
28 98 |\4 and 6 brush coats of 1. 47 2.39 3.01 (4 I 16) 
7 7 sodium hydroxide 1. 66 2 40 2.80 (4 F (16 
7 28 1.59 2.3 3.00 (4 F (19 
oN 7 1.38 1. 25 1.66 (4)) 3.45 (16 F (28 
a rm | 1.29 1. 52 2.08 (4) 4.76 (16 Fk 28 
Group average 1. 54 2.26; 2.75 
7 rs 1. 93 14 58 1.20 (4), 1.48 (16)) 1.82 (27 3.02 (52 F (65 
7 »s 1.77 38 71 1.42 (4 1.75 (16) 2.18 (29 3.77 (SS F (65 
28 7 |4 and 6 brush coats of 1. 23 38 58 93 (4 1.60 (1 F (2s 
28 28 sodium hydroxide 1. 43 . 36 Al 1.26 (4) 2.61 (If F (28 
ri 7 plus 1 ‘brush coat 1. 63 4] 42 93 (4) 1.2 16), 1.74 (28 2.79 (52 F (65 
7 28 of coal tar 1. 54 38 66 1.36 (4)| 1.70 (16), 2.09 (28 3.47 (52) F (64 
28 7 1.44 39 34 8H (4 1.05 (16 1.41 (28 F (52 
s 2 ) 1. 29 31 22 41 (4 1.82 (16 1.88 (28 F (51) 
Group average 1. 53 38 51 1.11 1. 6 
7 7 1.38 SI 4 1.66 (5 F (18 
7 28 a aa 1.48 85 ow) 1.80 (4 F (17 
28 7 ||4 and 6 brush coats of 1. 28 53 89 | 1.04 (3 F (16 
: a sodium = hydroxide ; ; st a mee: ae . 
2s 28 1. 41 39 1.77 2.67 (3 F (16 
= — plus an average of 13 29 a9 118 (3)) 2.37 (7 F (41 
: J $ brush coats of = os Ys se. Sach era ae ‘ ; 
i 28'|l  water-ons tar 1.50 78 1.19 1.75 (3)| 2.67 (16 F (40 
28 7 ij _s 1. 62 55 .84| 1.16 (3)} F (16) 
2s 23 1. 33 13 1, 20 1.76 (2 F (15 
(iroup average 1.42 65 1. 06 1. 63 . 
6-8, and 7-5, and on 6 specimens for groups 8-S, 9S, and 10-S._ F indicates failure of specimens. Figure 
f months specimens were in solution at time of weighing or number of months in solution at time of failure. 


FP 


~ 


hh oo oo 


ae eet ae ee 


DETERMINATION OF CEMENT CONTENT OF 
SOIL-CEMENT MIXTURES 


BY THE DIVISION OF TESTS, PUBLIC ROADS ADMINISTRATION 


Reported by JACOB MIZROCH, Assistant Chemical Engineer 


HEMICAL ANALYSES made during the con- | 

struction of soil-cement base courses have been 
of value in locating and controlling discrepancies be- 
tween required percentages of cement and the amounts 
actually present. This information is also useful in 
studies of the pavement during its service life. 

In 1939 and 1940 several State Highway Depart- 
ments began to make chemical analyses as a control 
measure on soil-cement work. This led to a_pre- 
liminary survey by Subcommittee No. 2 of the Project 
Committee on “Stabilized Roads” of the Highway | 
Research Board to determine the methods of analysis 
in use and their relative merits. 

The survey showed that 2 basic methods were in 
use. At the request of the subcommittee, 23 labora- 


tories cooperated in testing standard soil-cement samples | 
The results of these cooperative | 
tests are reported by Carson and Reid in the Proceedings | 


by the 2 methods. 


of the Highway Research Board.' 


Of the 2 basic methods used, method 1 involves 


determination of the calcium oxide (CaO) content of | 


raw soil, cement, and soil-cement mixtures, and calcu- 
lation of the percentage of cement in the soil-cement 
mixtures using the proportionality law applied to 
mixtures. Metbod 2 involves determination of the 
calcium (Ca) content of a sample of soil-cement mixture 
from the completed roadway and a similar determi- 
nation on a control sample prepared to contain approxi- 
mately the same percentage of cement, using the 
original raw soil and cement as components. From 
these 2 values the percentage of cement in the road- 

way sample may be calculated. | 

Both methods require the removal of silica, iron, 
and alumina before the subsequent precipitation and 
determination of calcium. In method 1, three steps 
are necessary since silica is first filtered off and then iron 
and alumina are precipitated, filtered off, redissolved, 
reprecipitated and filtered off a second time. In 
method 2, the iron and alumina are precipitated in 
the presence of silica and filtered off together with it, 
hence saving two steps in the procedure. 

In the control of soil-cement construction it is 
necessary to have a rapid method of determining 
dcnioaiee the cement content of the soil-cement 
mixtures. From this viewpoint, method 2 is more 
desirable than method 1 because of the saving in time. 
However, the subcommittee has recommended method 1 
as the more suitable of the two, because of its inherent 
accuracy and wider applicability. 

A procedure combining the accuracy of method 1 
and the shortness of method 2 is desirable. 

Such a procedure has been worked out at the labora- 
tory of the Public Roads Administration based on the 


— 





,' Chemical Determination of Cement Content of Soil-Cement Mixtures from 
Cement Hardened Bases. By L. S. Carson and Carl Reid. Proceedings, Twenty- 





first Annual Meeting of the Highway Research Board, p. 471 (1941). 


principles brought out by the work of Chapman,’ and 
McComas and Rieman* on methods of determining 
calcium in the presence of iron, alumina, and other 
interfering ions. These investigators found that calcium 
can be precipitated as the oxalate in the presence of iron, 
alumina, etc., if the solution is buffered with sufficient 
ammonium chloride and various organic acids at pH4. 

The Public Roads method, therefore, embodies the 
following procedure: The samples of soil, soil-cement, 
and cement are treated with hydrochloric acid, the 
insoluble residue is filtered off, and calcium is precipi- 
tated and determined in the filtrate after sufficiently 
buffering with ammonium chloride and acetic acid 
and adjusting the solution to a pH of 4. 

Determinations of percentage of cement by this 
method are fully as accurate as determinations on the 
same samples by subcommittee method 1. The time 
required for the analysis by this method is the same as 
that required by method 2 of the subcommittee. The 
saving in time over that necessary for subcommittee 
method 1 amounts to approximately one-half hour 
per sample. 


PREPARATION OF REAGENT SOLUTIONS 


Potassium permanganate, 0.1 N.—3.2 gm. KMn0O, 
is dissolved in 1 |. of distilled water and the solution is 
heated in a covered beaker for 3 hours at 90° to 95° C., 
then set aside at room temperature for several days. 
The solution is then filtered through asbestos and 
standardized against pure oven-dried sodium oxalate. 

Acetic acid, 10 percent.—100 ml. glacial acetic acid is 


| diluted to 11. with distilled water. 


Oxralic acid, 10 percent-—To 100 gm. oxalic acid is 
added 400 ml. distilled water and the whole warmed 
until the crystals dissolve. The solution is filtered into 
a clean liter flask and diluted to 1 1. with distilled water. 

Ammonium chloride, 30 percent.—300 gm. of NH,Cl1 is 
placed in a liter beaker and enough distilled water 
added to make beaker about four-fifths full. The 
mixture is stirred, warmed to room temperature and 
then filtered on 9 cm. grade A, B and A filter paper 
into a clean liter flask. The undissolved residue is 
brought on the filter with a stream of distilled water 
from a wash bottle and dissolved by repeated additions 
of a few milliliters water to the filter. When all of the 
salt is in solution, the filtrate is diluted to a liter with 
distilled water. 

Brom-cresol green indicator, 0.04 percent solution.- 


| This indicator solution may be obtained from the 


LaMotte Chemical Co., Baltimore, .Md. 


2 The Precipitation of Calcium Oxalate in the Presence of Iron, Aluminum, Titan- 
ium, Manganese, Magnesium, and Phosphorus. H. D. Chapman. Soil Science, 
vol. 26, p. 479 (1928). 

3 Accurate Determination of Calcium Without Reprecipitation. 
and W. Rieman. 
14, p. 929 (1942). 


W.H. McComas 
Industrial and Engineering Chemistry, Analytical Edition, vol. 
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METHOD OF ANALYSIS DESCRIBED 


Soil-cement mizxtures.—The soil-cement mixture is 
air dried, then pulverized to pass the No. 40 sieve. 
About 50 gm. of the mixture is oven dried at 110° C. to 
constant weight, then cooled and 1 gm. weighed into a 
100 ml. beaker. Ten ml. 1:1 HCl is added, the beaker 
covered and the solution boiled on a hot plate for 5 
minutes. The insoluble residue is filtered off on 7 or 9 
em. grade A, B and A filter paper (or equivalent) and 
washed chloride-free with hot distilled water (about 
five washings, after all the residue has been brought on 
the filter paper) the filtrate being caught in a 250-ml. 
beaker. Now 10 ml. 30 percent ammonium chloride 
solution, 10 ml. 10 percent oxalic acid and 10 ml. 10 
percent acetic acid are added and the solution diluted 
to 150 ml. 

Ten ml. 30 percent NH,CI insures the presence of at 
least 6 gm. NH,ClI in the solution when the pH is ad- 
justed to 4. The quantities of reagents given are for 
soils or soil-cement mixtures containing less than 10 
percent acid-soluble iron and aluminum oxides. For 
soils containing more than 10 percent acid-soluble iron 
and aluminum oxides, the amounts of reagents given 
are insufficient to give a satisfactory precipitate of cal- 
cium oxalate. When soils with between 10 and 20 
percent soluble iron and aluminum oxides were tested, 
it was found that the quantities of reagents had to be 
increased to 20 ml. 30 percent NH,Cl, 15 ml. 10 per- 
cent oxalic acid and 15 ml. 10 percent acetie acid. The 
volume of the solution also had to be increased to 
200 ml. 

The diluted solution is heated nearly to boiling and 
11 ml. 1:1 ammonia is added with stirring. A drop 
of brom-cresol green indicator is then added. If the 
drop turns green, the solution is at pH4. If it turns 
vellow, not enough ammonia had been added; if the 
drop turns blue, the solution is too basic and a few drops 
of 5 NHCI must be added till the desired pH is attained. 
The cloudy solution, now at pH4, is boiled gently for 5 
minutes on the hot plate and then set on a cooler portion 


of the hot plate (or on a steam bath) for an hour for 


the calcium oxalate to settle out. The calcium oxalate 


is then filtered off on 7 cm. 00 Munktell filter paper 


(or equivalent grade), the beaker is rinsed three times 
with hot distilled water and the precipitate is washed 
five times with the hot water. 

The filter paper is transferred to the rinsed beaker, 
then 50 ml. hot distilled water, and 5 ml. 1:1 H.SO, 
are added. The filter paper is opened with a glass rod 
and the solution is stirred till all the calcium oxalate is 
in solution. The paper is now lifted with the glass rod, 
thoroughly rinsed with hot distilled water into the 
beaker and finally balled up between thumb and fore- 
finger, squeezed dry, and discarded. The solution is 
heated to between 80° and 90° C. and immediately 
titrated with 0.1 N standard KMnQ, solution. 


1 ml. 0.1 NKMnO,—0.0028 gmCaO 


Untreated soil——Same procedure is followed as for 
the soil-cement mixtures. 
Cement.— One gm. oven-dried cement is weighed out 


into a 100 ml. beaker; 50 ml. 1:4 HCl is added and the 
beaker covered. 


The solution is boiled 5 minutes on 
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the hot plate and the insoluble residue filtered off, the 
filtrate being caught in a 250 ml. volumetric flask. 
When the residue is washed chloride-free the contents 
of the flask are cooled and the volume adjusted to 250 
ml. <A 25-ml. aliquot portion is pipetted into a 250-ml. 
beaker and 4 ml. concentrated HCl added. From this 
point on the procedure follows exactly the procedure for 
precipitation and determination of calcium described in 
the section on soil-cement mixtures. 
Calculations: 
Let A=percentage CaO in the soil-cement mix- 
ture. 
B=percentage CaO in the untreated soil, 
C= percentage CaO in the cement. 


rn Ps eee , 
Then 2—2 x 100 


C_B ‘ the 


-percentage cement in 
soil-cement mixture. 


Alternate method of calculation: 
ml. KMnQO, required for 1 gm. soil- 


cement—ml. KMnO, required for 
1 gm. untreated soil 





: : 100 = percentage 
ml. KMnQ, required for 1 gm. ce- “cement. in soil- 
ment—ml. KMnO, required for cement 


1 gm. untreated soil 


This alternate method of calculation has the advan- 
tage of doing away with the necessity of standardizing 
the potassium permanganate solution. 


NEW METHOD GIVES SATISFACTORY RESULTS 


To test the accuracy of this method, determinations 
of percentages of cement in soil-cement mixtures were 
made by this method as well as by that recommended 
by the subcommittee. Table 1 gives the results on 
samples obtained by crushing and pulverizing to pass 
the No. 40 sieve some soil-cement cylinders which had 
been subjected to 12 cycles of wetting and drying. 
Table 2 gives the results on samples obtained by crush- 
ing and pulverizing air-dry clay-cement cylinders which 
had been cured in the moist closet for 7 days. 


TABLE 1. Perce ntages of calcium oxide and cement, and grams oj 
cement per 100 gm. of soil found by 2 methods 


[Tests made on soil-cement cylinders sutjected to 12 eycles of wetting and drying 
and pulverized to pass the No. 40 sieve] 
Cen 
. . ” ) 
CaO Cement cseeihasee 


i] 


method 





method 
met hoc 


Publie Roa 





Subcommittee 
Subcommittee 


| Publie Roads | 


Pet Pet. | Pet.| Pct.| Gm. G 
Soil . 7 0. 28 | 0. 29 ‘i a“ 
5A, 5 gm. cement per 100 gm. soil 3.33 | 3.33 | 4.9 | 4.9] 5.2 p= 
7A, 7 gm. cement per 100 gm. soil 4.62 | 4.59 | 7.0 | 7.0] 7.¢ 7 
9A,9gm cement per 100 gm. soil 5.35 | 5.29 2/81) 89) 59 
5B, 5 gm. cement per 100 gm. soil ; | 3.27 | 3.32] 4.9149] 5.2) 52 
7B. 7 gm. cement per 100 gm. soil 4.46 | 4.44 | 6.8 | 6.8 | 7.3 7 
9B, 9 gm. cement per 100 gm. soil 5.32 | 5.40 | 8.2 | 8.3] 8.9 } 
ENING 2 oo Scnvawscanss 61.95 61.75 os 
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i TABLE 2.—Percentages of calcium oxide and cement and grams of | In 4 of the 6 mixed samples listed in table 1, the 
> > . . ‘ QD : . " 4 
‘. cement per 100 gm. clay found by 2 methods. percentages of cement found by the 2 methods are 
- | 2 ° < > ie a" 4 
2 {Tests made on air-dry clay-cement cylinders cured in moist closet 7 days and } identical. Of the remaining z samples, the Public 
) Iverized to pass the No. 40 sieve . aye 
l = SCAND Su wee a _ Roads method gives a result 0.1 percent lower in 1 
; Cement | Case and 0.1 percent higher in the other. Of the 36 
oy Cad Cement per 100 | samples listed in table 2, the 2 methods give identical 
: gm. of | rn a 
‘ cay | results on 14 samples. The results obtained by the 
| : . 
. Public Roads method are 0.1 percent lower on 14 
Samph 3 Is samples, 0.2 percent lower on 4, 0.1 percent higher on 
Ze Es 3, and 0.2 percent higher on 1. 
. S\|5z These differences are listed in table 3, columns 3 and 
\ = 
a > rr : . oat ‘ ee ; 
< 6. The average of the algebraic sum of the differences 
= is —0.4 percent. This minus value shows that the 
Pet. Pet. | Pet. Pet. Gm. Gm. | Public Roads method tends to give slightly lower 
NeW YORK AVENUE CLAY 0.18 0.16 values for the cement content of soil-cement mixtures 
e 3 gm. cement No. 1 per 100 gm. clay 202 200/29 29 30 30 | than the method recommended by the subcommittee. 
7 gm. cement No. 1 per 100 gm. clay 4.26 | 4.24 3.5 | 6.5) 6.9 6.9 
11 gm. cement No. 1 per 100 gm. clay 6.26 | 6.23 | 9.7 | 9.6 |10 10. ¢ 
‘eme Jo 32. 33. 2 vs : ’ 
eer ane — ABLE 3. D frerences im ceme nt content found by the two methods 
3 gm. cement No. 2 per 100 gm. clay 1.93 | 1.92 | 2.9, 2.9] 3.0 3. 0 
7 gm. cement No. 2 per 100 gm. clay 4.12 , 4.04 6.4) 6.3] 6.8 6.7 we 
11 gm. cement No. 2 per 100 gm. clay 5.94 | 6.02 | 9.4 9.5 |10.4 10. 5 Subeor Public Subcom- Public ; 
Cement No. 2 --|61.30 | 61.78 mittee Roads yoo mittee Roads — 
method | method ‘ method | method 
; }gm. cement No. 3 per 100 gm. clay 2.04 | 2.03 | 2.9 | 2.9 | 3.0 3.0 ae ate 
> 7 gm. cement No. 3 per 100 gm. clay 4.20 | 4.28 | 6.2 6.4) 6.7 6.8 
3 ll gm. cement No. 3 per 100 gm. clay 6.33 6.32 | 9.6 | 9.5 10.6 10.5 Pe t | Percent Percent | Percent 
Cement No. 3 64.55 64.78 9 19 2.9 2.4 
7 ( 7 ¢ 6.3 6.4 0.1 
}gm. cement No. 4 per 100 gm. clay 1.94 | 1.96 | 2.8 | 2.9 | 2.9 3. 0 5.2 8. ] 0.1 06 9.6 
7 gm. cement No. 4 per 100 gm. clay 4.07 | 4.09 | 6.3 | 6.3 | 6.7 6.7 1.9 19 3.0 2.9 — 
11 gm. cement No. 4 per 100 gm .clay__. 6.14 | 6.15 > 9.6 9.6 |10.6 , 10.6 6.8 6.8 6.5 6.5 
\- Cement No. 4 62.30 |62. 75 8.2 8.3 1-1} 9.9 9.7 — 2? 
2.9 2.9 3.0 28 2 
hea $gm. cement No. 5 per 100 gin. clay 1.99 | 1.99 | 2.9 | 2.9] 3.0 3.0 6.5 6.5 6.5 6.3 2 
7 gm. cement No. 5 per 100 gm. chy 4.12 | 4.13 | 6.2) 621! 6.¢ 6.4 ¥, y¢ l 9.7 vf 1 
ll gm. cement No. 5 per 100 gm. clay 6.16 6.12 9.4 9.3 10.4) 10 29 29 0 29 = 
Cement No. 5 63. 50 63.92 6.4 t f 6.4 | 
9.4 ’ 1 0.7 y.7 
3 gm. cement No. 6 per 100 gm. clay 1.99] 198 | 2.9); 2.9) 3.0 0 2.9 2.9 3.0 2.9 1 
3 7 gm. cement No. 6 per 100 gm. clay 4.12, 4.19| 6.3 6.4) 6.7 6.8 6.2 6.4 + 2 6.5 6.4 1 
1S 11 gm. cement No. 6 per 100 gm. clay 6.20 6.251 9.6 9.6 10.6 |) 10.6 9.6 Q 5 1 906 O96 
“a Cement No. 6 63.10 63. 60 2.8 2.9 +] 3.0 2.9 l 
: t 6.3 6.5 6.4 —,1 
d C ECIL CLAY None , None Qf 9.6 9.8 9.7 z 
2.9 2.9 3.1 3.0 l 
1 }gm. cement No. 1 per 100 gm. clay 1. 90 Loo} a0} 381 3) 3. 0 6.2 6.2 6.6 6.4 4 
3S 7 gm. cement No. 1 per 100 gm. clay 4.11 | 4.08 | 6.5/6.5 | 69 6.9 4 ro) l 9.7 9.7 
: 11 gm. cement No. 1 per 100 gm. clay 6.23 | 6.14 | 9.9 | 9.7 /11.0 | 10.7 
d Cement No. 1 62.80 63. 20 
us 3gm. cement No. 2 per 100 gm. clay 1:82 1 276: 1) 3.01 238.) .3 2.9 
= 7 gm. cement No. 2 per 100 gm. clay 3.98 | 3.90 | 6 5 | 6.3 | 6.9 6 7 SUMMARY 
ll gm. cement No. 2 per 100 gm. clay 5.97 | 5.94 | 9.7 | 9.6 |10.7 | 10.6 
| Cement No. 2 61.30 61.78 i oat : 
A method for determining the percentage of cement 
}gm. cement No. 3 per 100 gm. clay 1.01 | 1.90 | 301290) 30 3.0 . ‘ pW . . ; ‘ 
5 aia aueiak We, Ser Va aed ces £18 417/65 64 69 68 | IN soil-cement mixtures is described. Data are presented 
— e shan ecg | & E107 107 | giving the results of the determination of percentage of 
ol ement No. 4.55 64.7 t z rs : : : : 
| cement in soil-cement mixtures by this method and by 
s}gm. cement No. 4 per 100 g ‘lay 1.87 | 1.81 | 3.0 | 29} 3.1 3.0 sn : , $ ve 
1 tan daanaus Wen. Ager MOS. Cine 103 403 65 64 69 6s | the method recommended by Subcommittee No. 2 of 
ll gm. — No. 4 per 100 gm. clay oa = ao OS | 9.6 | 9.6 /10.6 | 10.6 the Project Committee on “Stabilized Roads” of the 
emen i) 2. 2. 75 E : 
Highway Research Board as a suitable method of test. 
gm. cement No. 5 per 100 gm. clay 1.89 | 1.88 | 3.0} 2.9 | 3.1 3.0 ; ae .. . ; ; ; : . 
7 Gus. Seimank tie. 6 ner leben, clas 612 4086/65/64 69, 68 | In nearly half the samples the percentages of cement 
oe ee op 2h O18 98) 97 108) 107 | found by the two methods are identical. In the 
Cement NO. 0 a 10. I oS < 2 ce p i F 
remaining samples, the variation is not greater than 
y -eme 10, 6 per g oF eet 192 | £.90 | 3113:0) 3.2 3. 1 ‘ . . : + : 
specie scence gpd sede cag me fis, 409 66/64/71) 69 | 0.2 percent. By eliminating the double precipitation 
: Icat 5 s- pgpll ahaa iateap eed opie bie 97) 97 107 10.7 | of iron, aluminum, and other ions this method offers a 
= Cement No. 6.__- Syons ct i 3. 0 os - d a é taped 
= ; . saving in time without sacrifice of accuracy. 
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